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FIG. 1 


(54) Magnetophoresis type display device and process of production of same 

(57) A magnetophoresis type display device pro- 
vided with a transparent front panel sheet, a back panel 
sheet arranged with respect to the front panel sheet so 
as to form a sealed space with it, a partitioning member 
provided between the front panel sheet and the back 
panel sheet for partitioning the sealed space into a large 
number of cells, a liquid dispersion containing magnetic 
particles to be sealed inside the cells formed by parti- 
tioning by the partitioning member, a recording mag- 
netic member provided to be able to move along the 
outer surface of the front panel sheet and having a mag- 
netic force of an extent giving an effective magnetic flux 
.density of 100 to 500 Gauss at the outer surface of the 
back panel sheet in the state when the recording mag- 
netic member is brought into contact with the outer sur- 
face of the front panel sheet, and an erasing magnetic 
member arranged at the outer surface of the back panel 
sheet and having a magnetic force of an extent giving 
an effective magnetic flux density of 100 to 1500 Gauss 
at the outer surface of the front panel sheet in the state 
when the erasing magnetic member is brought into con- 
tact with the outer surface of the back panel sheet. By 
defining the effective magnetic flux densities of the mag- 
netic members at the panel surface, it is possible to 
eliminate image breaks in display at the boundary por- 
tions of the individual cells and improve the contrast of 
the display image and the resolution of the display 
image. 
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Description 

[0001 ] The present invention relates to a magnetophoresis type display device which makes use of a magnetic field 
to make magnetic particles sealed in the display device magnetically float and display an object and to a process of pro- 
5 duction of the same. 

[0002] Known in the art for example are the magnetophoresis type monochrome display devices disclosed in Jap- 
anese Examined Patent Publication (Kokoku) No. 59-47676, Japanese Examined Patent Publication (Kokoku) No. 57- 
46439, and Japanese Utility Model Registration No. 1428562. In these magnetophoresis type monochrome display 
devices, the sealed space between the display panel sheet and the back panel sheet is divided into a large number of 

10 cells in which are sealed liquid dispersions containing black magnetic particles and a white fluid. By moving a recording 
magnetic member etc. (for example a "magnetic pen") in contact with the outer surface of the front panel sheet, the 
black magnetic particles in the dispersion sealed in the cells corresponding to the path traced by that member magnet- 
ically float from the bottom to the front panel sheet side by the magnetic action of the member. As a result, some sort 
of monochrome display is formed by the difference in contrast between the white fluid and the black magnetic particles 

15 at the outer surface of the transparent front panel sheet. 

[0003] Further, Japanese Examined Patent Publication (Kokoku) No. 8-7532 discloses the various conditions for 
the black magnetic particles in the liquid dispersion sealed in a magnetophoresis type monochrome display device for 
obtaining a good monochrome image display at the outer surface of the front panel sheet. Further, Japanese Unexam- 
ined Patent Publication (Kokai) No. 8-183291 discloses that the content of the black magnetic particles in the liquid dis- 

20 persion sealed in the magnetophoresis type display device should be 15 to 20 parts by weight with respect to 100 parts 
by weight of the dispersion medium. 

[0004] Further, recently as shown in Japanese Unexamined Patent Publication (Kokai) No. 11-149265, Japanese 
Utility Model Registration No. 3048929, and Japanese Utility Model Registration No. 3047170, magnetophoresis type 
color display devices able to display multiple colors have also been proposed. 
25 [0005] In such magnetophoresis type display devices of the related art, it has been sought to eliminate the image 
breaks in display at the boundary portions of the individual cells and improve the black and white contrast or the color 
contrast. 

[0006] In particular, in magnetophoresis type color display devices, a display device which is free from color bleed- 
ing, has clear hues, and can improve the resolution of the color display image has been sought. 

30 [0007] In order to obtain a good image display at the outer surface of a front panel sheet, in particular to eliminate 
the image breaks in display at the boundary portions of the individual cells and improve the contrast of the display 
image and the resolution of the display image, however, it was made clear by experiments of the present inventors that 
it is not enough to specify certain conditions of the magnetic particles and, further, it is not enough to just define a cer- 
tain content of the magnetic particles in the liquid dispersion. 

35 [0008] Further, in the magnetophoresis type display devices of the related art, there was the problem of disposal 
since the front panel sheets were made of polyvinyl chloride. Further, in the process of production of magnetophoresis 
type display devices of the related art, the work of precisely filling the liquid dispersion containing the magnetic particles 
in the individual cells was difficult. The individual cells were liable to be either filled too much or too little with the liquid 
dispersion. Due to this, problems were liable to occur such as image breaks in the display at boundary portions of the 

40 individual cells or a reduction in the black and white contrast or color contrast. 

[0009] The present invention was made in view of this situation and has as its first object to provide a magneto- 
phoresis type display device which can display an excellent image at the front panel sheet, in particular can eliminate 
the image breaks in display at the boundary portions of the individual cells and can improve the contrast of the display 
image and the resolution of the display image. 

45 [0010] Further, the present invention has as its second object to provide a magnetophoresis type color display 
device which can display a color image, in particular can eliminate the image breaks in display at the boundary. portions 
of the individual cells, eliminate color bleeding, give clear hues, and improve the resolution of the color display image. 
[001 1 ] Further, the present invention has as its third object to provide a magnetophoresis type display device which 
is environmentally friendly at the time of disposal and further which can eliminate the image breaks in display at the 

so boundary portions of the individual cells and can improve the contrast and a process for production of the same. 

[0012] Still further, the present invention has as its fourth object to provide a process for production of a magneto- 
phoresis type display device which facilitates the precise filling of a liquid dispersion containing magnetic particles in the 
individual cells and thereby enables the liquid dispersion to be filled in the individual cells without excess or shortage. 
[001 3] The present inventors engaged in intensive studies to achieve the first object and as a result discovered that 

55 by defining the effective magnetic flux densities at the panel surface due to the recording magnetic member and the 
erasing magnetic member and maintaining an overall predetermined relationship among the various conditions of the 
magnetic particles, the ratio oi content of the magnetic particles in the liquid dispersion, etc. it was first possible to elim- 
inate the image breaks in display at the boundary portions of the individual cells and improve the contrast of the display 
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image and the resolution of the display image and thereby completed a first aspect of the present invention. 
[0014] That is. according to the first aspect of the present invention, there is provided a magnetophoresis type dis- 
play device (including magnetophoresis type color display device, same below) comprising: 

a transparent front panel sheet, 

a back panel sheet arranged with respect to the front panel sheet so as to form a sealed space with it, 

a partitioning member provided between the front panel sheet and the back panel sheet for partitioning the sealed 

space into a large number of cells, 

a liquid dispersion containing magnetic particles to be sealed inside the cells formed by partitioning by the partition- 
ing member, 

a recording magnetic member provided to be able to move along the outer surface of the front panel sheet and hav- 
ing a magnetic force of an extent giving an effective magnetic flux density of 100 to 500 Gauss at the outer surface 
of the back panel sheet in the state when the recording magnetic member is brought into contact with the outer sur- 
face of the front panel sheet, and 

an erasing magnetic member arranged at the outer surface of the back panel sheet and having a magnetic force of 
an extent giving an effective magnetic flux density of 100 to 1 500 Gauss at the outer surface of the front panel sheet 
in the state when the erasing magnetic member is brought into contact with the outer surface of the back panel 
sheet. 

[0015] When the magnetic force of the recording magnetic member and/or the erasing magnetic member is too 
small the magnetophoresis action in the cells is weak, so the display/erasure at the display device tends to become 
difficult Further when the magnetic force is too large, the magnetic field is too strong, so even magnetic particles which 
should originally not be made to magnetically float end up magnetically floating and detract from the resolution of the 
displayed object at the screen. . 
[001 6] . Further, to achieve the first object, according to a second aspect of the present invention, there is provided 
a magnetophoresis type display device comprising: 

a transparent front panel sheet, 

a back panel sheet arranged with respect to the front panel sheet so as to form a sealed space with it, 

a partitioning member provided between the front panel sheet and the back panel sheet tor partitioning the sealed 

space into a large number of cells, and 

a liquid dispersion containing magnetic particles to be sealed inside the cells formed by partitioning by the partition- 
ing member, . 
the magnetic particles having a magnetization of at least 20.0 emu/g when a magnetic field of 500 Oe is applied to 
the magnetic particles, more preferably at least 22.0 emu/g and 

the liquid dispersion containing 80 to 90 wt% of a single-color fluid and 1 0 to 20 wt% of magnetic particles. 

[001 7] in the present invention, if the ratio of content of the magnetic particles in the liquid dispersion is too low, the 
amount of the magnetic particles will be too small, so the resolution of the displayed object at the screen of the display 
device will end up deteriorating. For example, lines or letters will become thinner and may be broken in the middle. Fur- 
ther if the ratio of content of the magnetic particles is too high, the density of the displayed object at the screen of the 
display device can be made high, but the single-color fluid will easily be contaminated and therefore the single color (for 
example white) of the panel will become weaker at the time of erasure and the contrast will be reduced. 
[0018] ' The magnetic particles have a magnetization of at least 20.0 emu/g when a magnetic field of 500 Oe is 
applied to the magnetic particles, more preferably at least 22.0 emu/g and, further, have a magnetization of at least 8.0 
emu/g when a magnetic field of 200 Oe is applied to the magnetic particles, more preferably at least 10.0 emu/g. The 
magnetic particles must have a magnetization enabling magnetophoresis by the action of the low magnetic field of the 
recording magnetic member or the erasing magnetic member. By giving them this range of magnetization, the magnetic 
particles sufficiently magnetically float and the display and/or erasure at the screen of the display device is improved. 
[001 9] The viscosity of the single-color fluid is preferably 200 to 800 cp at 25°C, more preferably 300 to 600 cp. If 
the viscosity of the single-color fluid (white fluid) is too low, the single color (whiteness) of the single-color fluid (white 
fluid) will become weak and will tend not to be able to completely conceal the color of the colored magnetic particles 
from the screen when erasing an image (displaying the single color at the screen). If the viscosity of the single-color 
fluid (white fluid) is too high, the single color (whiteness) of the single-color fluid (white fluid) will end up concealing the 
hue of the magnetic particles resulting in the inability to obtain a clear hue display and further preventing smooth mag- 
netophoresis of the magnetic particles and necessitating an increase in the magnetic flux density of the recording mag- 
netic member or erasing magnetic member. 

[0020] As the single-color fluid, one of a color having a high contrast with respect to the color of the magnetic par- 
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tides is preferred. While not particularly limited, a white fluid is preferred. Further, as the coloring agent contained in the 
magnetic particles, a black coloring agent is preferred. As the black coloring agent, carbon is preferably used. 
[0021 ] The white fluid may be one including at least titanium oxide and silicon oxide in which when the total weight 
of the white fluid is 100 wt%, the wt% of the titanium oxide in the white fluid is C, and the wt% of the silicon oxide is D, 

5 the weight ratio C/D is preferably in the relationship of 1<C/D^2.5, more preferably 1.2:<C/D^2.0. 

[0022] If C/D is too small, the viscosity of the white fluid (single-color fluid) becomes high - preventing smooth mag- 
netophoresis of the magnetic particles and necessitating an increase in the magnetic flux density of the recording mag- 
netic member or erasing magnetic member. Further, the resolution of the displayed object displayed at the screen of the 
display device tends to end up deteriorating. 

10 [0023] If C/D is too large, when the display device is left standing, the white fluid (single-color fluid) will tend to end 
up separating into a dispersion medium (paraffin etc.) layer and oxide (titanium oxide, silicon oxide, etc.) layer in a short 
time, which will make it impossible to display the color of the magnetic particles clearly at the screen. For example, when 
a recording magnetic member such as a magnetic stamp is brought into contact with the screen to make something be 
displayed on the screen, the white particles (single-color particles) comprised of the oxides will end up floating up in the 

is direction of the screen together with the magnetic particles and will prevent the color of the magnetic particles from 
being reproduced clearly at the screen. 

[0024] The white fluid may also be one including at least titanium oxide and silicon oxide in which when the total 
weight of the white fluid is 1 00 wt%, the wt% of the titanium oxide in the white fluid is C, and the wt% of the silicon oxide 
is D, the weight C+D is preferably in the relationship of 3.0 wt%<C+D<6.0 wt% , more preferably 

20 3.5 wt%<C+D<5.5 wt% . If the ratio of content of C+D is too small, the whiteness (single color chromaticity) in the white 
fluid will be low and the white (single color) at the screen will be inferior, so the screen of the display device will tend to 
appear dirty. Further, if the ratio of content of C+D is too large, the viscosity of the white fluid (single-color fluid) 
becomes high - preventing smooth mag netopho rests of the magnetic particles and necessitating an increase in the 
magnetic flux density of the recording magnetic member or erasing magnetic member. Further, the resolution of the dis- 

25 played object displayed at the screen of the display device tends to end up deteriorating. 

[0025] The white fluid may be one including at least isoparaffin and a mixture of a plurality of white inorganic oxides 
in which when the total weight of the white fluid is 100 wt%, the wt% of the isoparaffin in the white fluid is A and the wt% 
of the mixture of the white inorganic oxides is B, the weight ratio A/B is preferably in the relationship of 10^A/B<20 . 
[0026] The single-color fluid may be one including at least a dispersion medium (not limited to isoparaffin and 

30 including other dispersion media) and a single-color pigment (not limited to white inorganic oxides and including other 
pigments, dyes, coloring agents, etc. and also not limited to white) in which when the total weight of the single-color fluid 
is 100 wt%, the wt% of the dispersion medium in the single-color fluid is A', and the wt% of the single-color pigment is 
B\ the weight ratio A7B* is preferably in the relationship of 10<AVB'<20 . 

[0027] If the weight ratio A/B (A7B') is too large, the whiteness (single color) of the white fluid (single-color fluid) will 
35 become weak and will tend not to be able to completely erase the color of the magnetic particles when erasing a display 
image and the panel screen will appear dirty. Further, if A/B (A'/B*) is too small, the whiteness (single color) of the white 
fluid (single-color fluid) will end up concealing the hue of the magnetic particles resulting in the inability to obtain a clear 
hue display. 

[0028] The magnetophoresis type display device according to the second aspect of the present invention may fur- 

40 ther comprise a recording magnetic member able to move along the outer surface of the front panel sheet, the recording 
magnetic member preferably having a magnetic force of an extent giving an effective magnetic flux density of 100 to 
300 Gauss at the outer surface of the back panel sheet in the state when the recording magnetic member is brought 
into contact with the outer surface of the front panel sheet. The specific shape of the recording magnetic member is not 
particularly limited and may include a magnetic pen or a magnetic stamp or various forms. 

45 [0029] Further, the magnetophoresis type display device according to the second aspect of the present invention 
may further comprise an erasing magnetic member arranged at the outer surface of the back panel sheet, the erasing 
magnetic member having a magnetic force of an extent giving an effective magnetic flux density of 100 to 300 Gauss 
at the outer surface of the front panel sheet in the state when the erasing magnetic member is brought into contact with 
the outer surface of the back panel sheet. The erasing magnetic member is preferably arranged to be able to move 

so along the outer surface of the back panel sheet. 

[0030] The thickness of the sealed space is preferably 0.8 to 1 .5 mm, more preferably 1 .00 to 1 .40 mm. If the thick- 
ness is too small, it is necessary to adjust the single-color chromaticity (for example, white chromaticity) of the single- 
color fluid for concealing the hue of the magnetic particles in the cells by including a larger amount of the single-color 
particles (for example, white particles) in the single-color fluid. As a result, the viscosity of the single-color fluid becomes 

55 high - preventing smooth magnetophoresis of the magnetic particles and necessitating an increase in the magnetic flux 
density of the recording magnetic member or erasing magnetic member. Further, the resolution of the displayed object 
displayed at the screen of the display device tends to end up deteriorating. 

[0031] Further, if the thickness of the sealed space is too large, in order to make the magnetic particles sufficiently 


4 


EP 0 994 455 A2 


magnetically float to the front panel sheet side in the cells, since the magnetophoresis distance is long, it is necessary 
to increase the magnetic fiux density of the recording magnetic member or the erasing magnetic member. Further, the 
magnets attached to the recording or erasing magnetic member end up becoming higher in cost. Further, the resolution 
of the displayed object displayed at the screen of the display device tends to end up deteriorating. 
[0032] The magnetic particles preferably contain 60 to 90 wt%, more preferably 70 to 85 wt% of a magnetic material 
and 10 to 40 wt%, more preferably 15 to 30 wt% of a synthetic resin and/or coloring agent. By using these magnetic 
particles, the image breaks in the display at the boundary portions of the cells are eliminated and the display quality is 
improved. 

[0033] Further the mean particle size of the magnetic particles is preferably 50 to 200 u.m, more preferably 75 to 
150 |im By using magnetic particles of such a particle size, the resolution at the screen of the display device is 
improved, the cause of contamination of the single-color fluid is eliminated, and the display quality is improved. 
[0034] The front panel sheet is preferably comprised of polyethylene terephthaiate. 

[0035] The partitioning member is not particularly limited, but preferably is a honeycomb structure having a large 
number of substantially regular hexagonal tubular cells. The honeycomb structure preferably is comprised of paper 
coated with a resin. Further, it may be comprised of microcapsules in which a liquid dispersion is sealed. 
[0036] The partitioning member is preferably a resin-coated paper because compared with a synthetic resin, paper 
is a natural material, can be formed thin, lacks transparency, can completely conceal the color of the magnetic particles 
present at the bottom of the cell space at the time of erasure of the screen, and results in little breaks in lines at the 
boundary portions at the time of display of an image. 

[0037] To achieve the first object, according to a third aspect of the present invention, there is provided a magneto- 
phoresis type display device comprising: 

a transparent front panel sheet, 

a back panel sheet arranged with respect to the front panel sheet so as to form a sealed space with it, 

a partitioning member provided between the front panel sheet and the back panel sheet for partitioning the sealed 

space of a thickness of 0.8 to 1 .5 mm into a large number of cells, and 

a liquid dispersion containing magnetic particles to be sealed inside the cells formed by partitioning by the partition- 
ing member, . 
the magnetic particles containing 60 to 90 wt% of a magnetic material and 1 0 to 40 wt% of a synthetic resin and/or 
coloring agent, the mean particle size of the magnetic particles being 50 to 200 pin, the magnetization of the mag- 
netic particles when a 200 Oe magnetic f ield is applied to the magnetic particles being at least 8.0 emu/g, and the 
magnetization of the magnetic particles when a 500 Oe magnetic field is applied to the magnetic particles being at 

least 20.0 emu/g, . 

the liquid dispersion containing 80 to 90 wt% of a single-color fluid and 10 to 20 wt% of magnetic particles. 

[0038] Further, the present inventors engaged in intensive studies to achieve the second object and as result dis- 
covered that by maintaining the thickness of the sealed space between the front panel sheet and the back panel sheet, 
the various conditions of the colored magnetic particles, the various conditions of the liquid dispersion, etc. in an overall 
predetermined relationship, it was first possible to eliminate image breaks in display at the boundary portions of the indi- 
vidual cells, eliminate color bleeding, and improve the clearness of the hues and the resolution of a color display image 
and thereby completed a fourth aspect of the invention. 

[0039] That is, according to the fourth aspect of the present invention, there is provided a magnetophoresis type 
color display device comprising: 

a transparent front panel sheet, 

a back panel sheet arranged with respect to the front panel sheet so as to form a sealed space with it. 

a partitioning member provided between the front panel sheet and the back panel sheet for partitioning the sealed 

space of a thickness of 0.8 to 1.5 mm into a large number of cells. 

a first liquid dispersion containing first colored magnetic particles to be sealed inside selected specific cells formed 
by partitioning by the partitioning member, and 

a second liquid dispersion containing second colored magnetic particles to be sealed inside selected specific cells 
in the cells in which the first liquid dispersion is not sealed and colored different from the first colored magnetic par- 
ticles, 

the mean particle sizes of the first colored magnetic particles and the second colored magnetic particles being 50 
to 200 urn and the magnetization of the magnetic particles when a 500 Oe magnetic field is applied to the magnetic 
particles being at least 20.0 emu/g. 


[0040] The first liquid dispersion is preferably a liquid comprised of a single-color fluid in which the first colored 
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magnetic particles are dispersed, while the second liquid dispersion is preferably a single-color fluid in which the sec- 
ond colored magnetic particles are dispersed. Note that in addition to the first liquid dispersion and the second liquid 
dispersion, it is also possible to provide a third liquid dispersion containing third colored magnetic particles colored dif- 
ferent from the first colored magnetic particles and the second colored magnetic particles. In this case,.the colors of the 
5 first to third colored magnetic particles are mutually different and preferably ones of the three primary colors (red, green, 
and blue). Further, the magnetophoresis type color display device according to this aspect of the present invention may 
also have liquid dispersions containing magnetic particles colored different than the first to third colored magnetic par- 
ticles. 

[0041 ] In the case of a magnetophoresis type color display device, the recording magnetic member preferably has 

io a magnetic force of an extent giving an effective magnetic flux density of 100 to 500 Gauss at the outer surface of the 
back panel sheet in the state when the recording magnetic member is brought into contact with the outer surface of the 
front pane! sheet. Further, in the case of a magnetophoresis type color display device, the erasing magnetic member 
preferably has a magnetic force of an extent giving an effective magnetic flux density of 300 to 1 500 Gauss at the outer 
surface of the front panel sheet in the state when the erasing magnetic member is brought into contact with the outer 

is surface of the back panel sheet. 

[0042] When the magnetic force of the recording magnetic member is too small, the magnetophoresis action in the 
cells is weak, so the display of color at the screen is difficult. Further, when the magnetic force of the recording magnetic 
member is too large, the magnetic field is too strong, so when the magnetically floating colored magnetic particles are 
displayed at the screen, the resolution of the color displayed object tends to be deteriorated. 

20 [0043] Further, if the magnetic force of the erasing magnetic member is too small, the magnetophoresis action in 
the cells is weak, it becomes difficult to pull back the colored magnetic particles from the panel screen side, and the 
erasure of the displayed object at the screen tends to become difficult. Further, if the magnetic force of the erasing mag- 
netic member is too large, the magnetic field is too strong, so the colored magnetic particles magnetically floating for 
erasure remain at the inner surface of the panel screen as "stubble" and therefore the display of the panel screen can- 

25 not be cleanly erased. 

[0044] In the magnetophoresis type color display device according to the fourth aspect of the present invention, by 
establishing specific regions of limits for the thickness of the sealed space, the particle size of the colored magnetic par- 
ticles, the magnetization characteristics, the viscosity and composition of the single-color fluid (white fluid), and/or the 
effective magnetic flux density of the recording magnetic member and the erasing magnetic member, it is possible to 
30 obtain a magnetophoresis type color display device which can give a clear color display at the panel screen and further 
can be cleanly erased. 

[0045] The present inventors engaged in intensive studies to achieve the third object and as a result discovered that 
by specifying the material of the front panel sheet and the thickness of the sealed space between the front panel sheet 
and the back panel sheet, it is possible to obtain a device which is environmentally friendly when disposed of and further 
35 eliminates image breaks in display at the boundary portions of the individual cells and can improve the contrast and 
thereby completed a fifth aspect of the invention. 

[0046] That is, according to the fifth aspect of the present invention, there is provided a magnetophoresis type dis- 
play device comprising 

40 a transparent front panel sheet comprised of polyethylene terephthalate, 

a back panel sheet arranged with respect to the front pane! sheet so as to form a sealed space with it, 

a partitioning member provided between the front panel sheet and the back panel sheet for partitioning the sealed 

space of a thickness of 0.8 to 1.5 mm into a large number of cells, and 

a liquid dispersion containing magnetic particles to be sealed inside the individual cells formed by partitioning by 
45 the partitioning member. 

[0047] In the magnetophoresis type display device according to the fifth aspect, the recording magnetic member is 
not particularly limited, but preferably has a magnetic force of an extent giving an effective magnetic flux density of 100 
to 500 Gauss at the outer surface of the back panel sheet in the state when the recording magnetic member is brought 
so into contact with the outer surface of the front panel sheet. Further, the erasing magnetic member preferably has a mag- 
netic force of an extent giving an effective magnetic flux density of 100 to 1500 Gauss at the outer surface of the front 
panel sheet in the state when the erasing magnetic member is brought into contact with the outer surface of the back 
panel sheet. 

[0048] In the magnetophoresis type display device according to the fifth aspect of the present invention, the front 
55 panel sheet is comprised of polyethylene terephthalate (PET), so is easier to dispose of compared with a front panel 
sheet comprised of polyvinyl chloride and is environmentally friendly. Further, the present inventors discovered that the 
contrast at the panel screen is improved by making the material of the front panel sheet PET. 

[0049] To achieve the third object, according to the present invention, there is provided a first process of production 


6 


EP 0 994 455 A2 


of a magnetophoresis type display device comprising the steps of: 

attaching to a depression of a transparent front panel sheet formed with a depression at its inner surface and com- 
prised of polyethylene terephthalate a partitioning member formed with a large number of cell spaces, 
5 filling the insides of the cell spaces of the partitioning member with a liquid dispersion containing magnetic parti- 

cles, and 

bonding an inner surface of an outer periphery of a back panel sheet and an inner surface of an outer periphery of 
the front panel sheet together so as to seal the liquid dispersion filled at the insides of the cell spaces. 

10 [0050] The process is preferably one in which the partitioning member is comprised of a honeycomb structure and 
is supplied with the honeycomb structure in a compact state and further comprises the steps of: 

opening up the compact honeycomb structure so as to open up the cell spaces, 

coating a solidifying agent on the honeycomb structure in the state with the cell spaces opened up, and 
15 attaching the honeycomb structure coated with the solidifying agent to the depression of the front panel sheet. 

[0051 ] According to the first process of production of the present invention, it is possible to extremely easily produce 
a magnetophoresis type display device which is easy to dispose of, is environmentally friendly, and can be improved in 
the contrast at the screen. 

20 [0052] Further, the present inventors engaged in intensive studies to achieve the fourth object and as a result dis- 
covered that by filling the inside of the cell spaces of a partitioning member attached to a depression of a transparent 
front panel with a liquid dispersion containing magnetic particles and then squeegeeing the liquid dispersion protruding 
from the cell spaces of the partitioning member, it is possible to obtain a magnetophoresis type display device which 
eliminates image breaks in display at the boundary portions of the individual cells and can improve the contrast and 

25 thereby completed the next aspect of the present invention. 

[0053] That is. according to the present invention, there is provided a second process of production of a magneto- 
phoresis type display device comprising the steps of: 

attaching to a depression of a transparent front panel sheet formed with a depression at its inner surface a parti- 
30 tioning member formed with a large number of cell spaces, 

filling the insides of the cell spaces of the partitioning member with a liquid dispersion containing magnetic parti- 
cles, 

squeegeeing the liquid dispersion protruding from cell spaces of the partitioning member, and 
bonding an inner surface of an outer periphery of a back panel sheet and an inner surface of an outer periphery of 
35 the front panel sheet together so as to seal the liquid dispersion filled at the insides of the cell spaces. 

[0054] The second process of production of the present invention preferably further comprises the steps of: 

preparing as the liquid dispersion at least a first liquid dispersion containing first colored magnetic particles and a 
40 second liquid dispersion containing second colored magnetic particles colored different from the first colored mag- 
netic particles, 

masking by a first masking member the cells other than selected specific cells in the cells formed by partitioning by 
the partitioning member and filling only the insides of the selected specific cells with the first liquid dispersion, 
squeegeeing the liquid dispersion from the top of the first masking member, 
45 removing the first masking member, masking by a second masking member cells other than selected specific cells 

in the cells not filled with the first liquid dispersion and filling only the insides of the selected specific cells not 
masked by the second masking member with the second liquid dispersion, and 
squeegeeing the liquid dispersion from the top of the second masking member. 

so [0055] Further, the second process of production of the present invention is preferably one in which the partitioning 
member is comprised of a honeycomb structure and is supplied with the honeycomb structure in a compact state and 
further comprises the steps of: 

opening up the compact honeycomb structure so as to open up the cell spaces, 
55 coating a solidifying agent on the honeycomb structure in the state with the cell spaces opened up, and 

attaching the honeycomb structure coated with the solidifying agent to the depression of the front panel sheet. 

[0056] The masking member is not particularly limited and may be a masking tape, masking sheet, printing screen, 
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metal mask, etc. The material of the masking member is not particular limited and may for example be a metal, syn- 
thetic resin, fiber, etc. 

[0057] Further, the squeeging tool used for the squeegeeing operation is not particularly limited and may be an 
elastic wiping blade comprised of rubber or a synthetic resin, a metal squeegeeing blade, etc. 

[0058] Further, the squeegeeing speed of the wiping tool is not particularly limited, but preferably is 10 to 300 
mm/sec, more preferably 30 to 100 mm/sec. At such a squeegeeing speed, it is possible to obtain an excellent squee- 
geeing effect. 

[0059] • Further, at the pressing force of the squeegeeing tool on the partitioning member at the time of squeegeeing 
is not particularly limited, but preferably is 10 to 200 g/mm 2 , more preferably 50 to 150 g/mm 2 . If the pressing force is 
too small, the squeegeeing effect is lost, while if the pressing force is too large, the partitioning member tends to be 
damaged. 

[0060] In the second process of production according to the present invention, by filling the insides of the cell 
spaces of a partitioning member attached to a depression of a transparent front panel with a liquid dispersion containing 
magnetic particles and then wiping away the liquid dispersion protruding from the cell spaces of the partitioning mem- 
ber, it is possible to eliminate the excess or shortage of liquid dispersion in the individual cells and as a result eliminate 
breaks in display at the boundary portions of the individual cells and improve the contrast. 

[0061] Further, in this aspect of the present invention, by masking by a masking member the cells other than 
selected specific cells in the cells formed by partitioning by the partitioning member attached to a depression of a trans- 
parent front panel, filling only the insides of the selected specific cells with a liquid dispersion containing specific colored 
magnetic particles, then wiping the top of the masking member and repeating this operation for each of the colored 
magnetic particles, it is possible to eliminate excess or shortage of liquid dispersion in the individual cells and as a result 
eliminate image breaks in display at the boundary portions of the individual cells, eliminate color bleeding, and improve 
the clearness of the hues and the resolution of the color display image. 

[0062] The applications of the magnetophoresis type display device (including magnetophoresis type color display 
device) according to the present invention are not particularly limited. The device may be broadly used for toys for chil- 
dren, teaching materials, practice writing boards, game boards, record boards, memo boards, blackboards, white- 
boards, advertising boards, portable memo pads, etc. The locations of installation of the magnetophoresis type display 
device according to the present invention are also not particularly limited. They are not limited to the insides of factories, 
schools, and other buildings and may also be outdoors at train platforms, ticketing gates, construction sites, etc. or in 
the water etc. 

[0063] These and other objects and features of the present invention will become clearer from the following expla- 
nation of the preferred embodiments given with reference to the attached drawings, in which: 

Fig. 1 is a sectional view of a magnetophoresis type display device according to a first embodiment of the present 
invention, 

Fig. 2 is an enlarged sectional view of a part corresponding to a unit cell of the magnetophoresis type display 
device, 

Fig. 3 is a perspective view of a honeycomb structure of a partitioning member, 

Fig. 4 is a sectional view of a magnetophoresis type color display device according to another embodiment of the 
present invention, 

Fig. 5 is an enlarged sectional view of a part corresponding to a unit cell of the magnetophoresis type color display 
device, 

Figs. 6A and 6B are schematic views of steps in the production of a honeycomb structure, 

Fig. 7, Figs. 8A to 8D, and Fig. 9 are sectional views of parts showing steps in the production of a magnetophoresis 
type color display device, 

Figs. 10A and 10B are graphs of the relationships between applied magnetic fields and magnetizations in examples 
of the present invention, and 

Figs. 1 1 A to 1 1 D are schematic views of the standards for evaluation in the examples of the present invention. 
First Embodiment 

[0064] As shown in Fig. 1 , a magnetophoresis type display device 2 according to a first embodiment of the present 
invention is provided with at least a magnetic display panel 20, a recording magnetic pen 16 serving as the recording 
magnetic member, and an erasing magnetic lever 18 serving as an erasing magnetic member. 

[0065] The magnetic display panel 20 is comprised of a front panel sheet 4 and a back panel sheet 6. The outer 
peripheries of the sheets 4 and 6 are heat bonded or adhered to each other. A sealed space 8 is formed between the 
sheets 4 and 6. The sealed space 8 has arranged in it a honeycomb structure 10 serving as the partitioning member. 
As shown in Fig. 3, the honeycomb structure 10 has a large number of substantially regular hexagonal tubular cell 
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spaces 15. As shewn in Fig. 1, the insides of the cell spaces 15 sandwiched between the sheets 4 and 6 are filled with 
a liquid dispersion 12 containing magnetic particles 14. Each of the cell spaces 15 sealed with the liquid dispersion 12 
containing the magnetic particles 14 constitutes one display cell 30 shown in Fig. 2. 

[0066] In this magnetophoresis type display device 2, by sliding the tip of the magnetic pen 16 on the screen 4a 
formed by the surface of the display panel sheet 4, a magnetic field acts on the magnetic particles 1 4 in the display cells 
30 corresponding to the path of movement of the magnetic pen 16, magnetophoresis of the magnetic particles 14 
occurs inside the cells 30, and a display is formed at the screen 4a. For erasing the display at the screen 4a, the mag- 
netic lever 18 is made to move along the bottom of the magnetic panel 20 thereby erasing the display on the screen 4a 
of the magnetic panel 20. 

[0067] The tip of the magnetic pen 16 holds a permanent magnet. The magnetic lever 18 also holds a permanent 
magnet. The magnetic pen 16 is not connected to the magnetic display panel 20 and is supplied as a separate member. 
The magnetic lever 18 is arranged connected to the magnetic display pane! in advance so as to be able to move along 
the outer surface of the back panel sheet 6. The magnetic lever 18 may be operated manually by the operator, but may 
also be operated automatically by connection of the magnetic lever to a motor actuator or other drive device and 
depression of an operating button etc. 

[0068] Note that while not shown in Fig. 1 . the outer periphery and back of the magnetic display panel 20 are pref- 
erably covered by a synthetic resin casing etc. for protection. The magnetic lever 18 preferably is connected to the cas- 
ing to be able to move. The casing is formed with an opening through which the screen 4a of the magnetic display panel 
20 is exposed. 

[0069] The magnet 1 7 of the recording magnetic pen 16 has a magnetic force of an extent giving an effective mag- 
netic flux density of 100 to 300 Gauss at the outer surface of the back panel sheet 6 in the state when the magnet 17 
of the magnetic pen 16 is brought into contact with the outer surface of the front panel sheet 4. FH^Ijig^eA^agjSiet.-.ia 
of the erasing magnetic lever 18 has a magnetic force of an extent giving an effective magnetic flux density of 100 to 
300 Gauss at the outer surface of the front panel sheet 4 in the state when the magnet 19 of the magnetic lever 18 is 
brought into contact with the outer surface of the back panel sheet 6. 

[0070] When the magnetic force of the magnet 1 7 of the recording magnetic pen 1 6 or the magnet 1 9 of the erasing 
magnetic lever 18 is too small, the magnetophoresis action in the cells 30 is weak, so the display/erasure at the screen 
4a tends to become difficult. Further, when the magnetic force is too large, the magnetic field is too strong, so even 
magnetic particles 14 which should originally not be made to magnetically float end up magnetically floating and detract 
from the resolution of the displayed object at the screen 4a. 

[0071] The material of the magnets 17 and 19 is not particularly limited. Any known one maybe used. For example, 
it is possible to select from magnets comprised of ferrite powder (magnetoplumbite type ferrite), magnets comprised of 
metal powder (Nd, Sm, Co, Fe, Ni, and others alone or in alloys), and magnets formed by adding rubber or a resin to 
these materials. 

[0072] In the display panel 20 of the display device 2 according to this embodiment, the front panel sheet 4 is com- 
prised of a transparent sheet and forms the panel screen 4a at its outer surface. The material of the front panel sheet 
4 is not particularly limited so long as it is transparent, but preferably is a synthetic resin with superior durability such as 
polyvinyl chloride, polyethylene terephthalate (PET), polyester, polyethylene, etc. The thickness of the front panel sheet 
4 is not particularly limited, but preferably is 0.10 to 0.50 mm, more preferably 0.15 to 0.25 mm. If the thickness of the 
front panel sheet 4 is too small, the durability of it to wear by the magnetic pen 1 6 tends to decline, while if the thickness 
is too large, the material is wasted. Note that the front panel sheet 4 may also be a multilayer sheet. 
[0073] The back panel sheet 6 does not necessarily have to be transparent. Its material is not particularly limited, 
but for example may be polyvinyl chloride, polyethylene terephthalate, polyester, polyethylene, or another synthetic 
resin. The thickness of the back panel sheet 6 is not particularly limited, but preferably is 0.05 to 0.30 mm, more pref- 
erably 0.10 to 0.20 mm. If the thickness of the back panel sheet 6 is too small, the durability tends to decline, while if 
the thickness is too large, the material is wasted. The back panel sheet 6 may also be comprised of a multilayer sheet. 
[0074] The honeycomb structure 10 shown in Fig. 3 is for example comprised of a special paper having water 
resistance or polyester, polyvinyl chloride, acryl, or another synthetic resin. The cross sectional area of the substantially 
regular hexagonal shape of the cell spaces 15 in the honeycomb structure 10 is not particularly limited, but preferably 
is 1.0 to 5.0 mm 2 , more preferably 2.0 to 3.0 mm 2 . The smaller the cross sectional area, the finer the display definition 
that can be obtained, but if too small, smooth magnetophoresis of the magnetic particles 14 at the cells 30 tends to 
become difficult, while if too large, fine display definition tends to become difficult. In this embodiment, such a honey- 
comb structure 10 is used to enable an increase of the resolution of the displayed object at the screen 4a and due to 
the superior strength as Well. 

[0075] The thickness of the partitions partitioning the cell spaces 15 in the honeycomb structure 10 is not particu- 
larly limited, but preferably is 0.01 to 0.5 mm, more preferably 0.03 to 0.1 mm. The thickness of the partitions is prefer- 
ably thinner from the perspective of eliminating image breaks in the display at the screen 4a, but if too thin, the strength 
tends to decline. 
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[0076] The height H (see Fig. 3) of the honeycomb structure 10 corresponds to the thickness T of the sealed space 
8 shown in Fig. 2. in this embodiment, the thickness T is 0.8 to 1 .5 mm. If the thickness is too small, it becomes neces- 
sary to adjust the whiteness of the white fluid for concealing the hue of the magnetic particles 14 in the cells 30 by 
including more white particles in the white fluid. As a result, the viscosity of the white fluid will become high -preventing 
5 smooth magnetophoresis of the magnetic particles 1 4 and necessitating an increase in the magnetic flux density of the 
magnets 17 or 19 at the magnetic pen 16 or magnetic lever 18. 

[0077] Further, if the thickness of the sealed space T is too large, in order to make the magnetic particles 14 suffi- 
ciently magnetically float to the front panel sheet 4 side or the back panel sheet 6 side in the cells 30, since the magne- 
tophoresis distance is long, it is necessary to increase the magnetic flux density of the magnets 17 or 19 of the magnetic 

10 pen 16 or magnetic lever 18. Further, the magnets 17 or 19 end up becoming higher in cost. Further, the resolution of 
the displayed object displayed at the screen 4a of the display device tends to end up deteriorating. 
[0078] As shown in Fig. 2, the liquid dispersion 12 sealed in the insides of the individual cells 30 is comprised of a 
white fluid in which magnetic particles 14 are dispersed. The white fluid contains at least a white pigment (including 
dyes) and a dispersion medium. The white pigment is not particularly limited, but may include for example titanium 

is oxide, alumina, zinc oxide, silica (silicon oxide), barium titanate, barium zirconate, etc. In this embodiment, titanium 
oxide, alumina, zinc oxide, silica, etc. are preferably used. Further, the dispersion medium is not particularly limited and 
may include for example water, glycol, or another polar dispersion medium, an organic solvent, oil, or other nonpolar 
dispersion medium, etc. In this embodiment, preferably a paraffin (in particular isoparaffin) is used. 
[0079] In this embodiment, when the total weight of the white fluid is 100 wt%, the wt% of the titanium oxide in the 

20 white fluid is C, and the wt% of the silicon oxide is D, the weight ratio C/D is in the relationship of 1<C/D<2.5 and 
3.0 wt%<C+D^6.0 wt% . If C/D is too small, the viscosity oHhe white fluid becomes high - preventing smooth magne- 
tophoresis of the magnetic particles 14 and necessitating an increase in the magnetic flux density of the magnets 17, 
19 attached to the magnetic pen 16 or the magnetic lever 18. Further, the resolution of the displayed object displayed 
at the screen 4a of the magnetic display panel 20 tends to end up deteriorating. 

25 [0080] If C/D is too large, when the magnetic display panel 20 is left standing, the white fluid will tend to end up sep- 
arating into a dispersion medium (paraffin etc.) layer and oxide (titanium oxide, silicon oxide, etc.) layer in a short time, 
which will make it impossible to display the color of the magnetic particles clearly at the screen 4a, 
[0081] In this embodiment, the magnetic particles 14 contain 60 to 90 wt% of a magnetic material and 10 to 40 wt% 
of a synthetic resin and/or coloring agent. Such magnetic particles are used to hinder image breaks in display at the 

30 boundary portions of the individual cells 30 at the screen 4a and improve the display quality. 

[0082] The material of the magnetic material in the magnetic particles 14 is selected from materials giving a mag- 
netization of the magnetic particles 1 4 of at least 8.0 emu/g when a magnetic field of 200 Oe is applied to the magnetic 
particles 14 and giving a magnetization of the magnetic particles 14 of at least 20.0 emu/g when a magnetic field of 500 
Oe is applied to the magnetic particles. The material of the magnetic material is not particularly limited, but may include 

35 for example black magnetite, chromium dioxide, ferrite (spiral type ferrite, magnetoplumbite type ferrite), and other oxide 
magnetic materials or cobalt, iron, copper, nickel, or their alloys or other metal magnetic materials, preferably metal 
magnetic materials. 

[0083] The magnetic particles 14 must have a magnetization of an extent enabling magnetophoresis under the 
action of the low magnetic field of the recording magnetic pen 16 or erasing magnetic lever 18. By giving such a range 
40 of magnetization, the magnetic particles 14 sufficiently magnetically float and the display and/or erasing action at the 
screen 4a of the display device is improved. 

[0084] As the synthetic resin including in the magnetic particles 14, any known ones may be used. For example, it 
is possible to select it from styrene-based, polyester-based, acryl-based, epoxy-based, and other resins. Further, as the 
coloring agent, it is possible to use known inorganic or organic pigments in accordance with the hue to be colored. For 

45 example, when making the magnetic particles 14 black, carbon black is used. 

[0085] Note that the synthetic resin and/or coloring agent at the magnetic particles 1 4 preferably comprises a coat- 
ing layer coating the magnetic material powder. When the magnetic material powder is not coated by a coating layer, 
its resistance to wear declines which tends to cause coloring of the screen. Further, the magnetic particles 14 must not 
form blocks in the liquid dispersion 12, so the types of the synthetic resin and/or coloring agent are selected from ones 

so not causing their softening or swelling etc. in the liquid dispersion. It is possible to use synthetic resins which are par- 
tially cross-linked by a cross-linking agent (for example, a urethane modifier) etc. 

[0086] In the present embodiment, the mean particle size of the magnetic particles 14 is 50 to 200 urn. The mag- 
netic particles 14 may be spherical or may be irregular shapes other than spheres and can be obtained by ordinary 
manufacturing processes of the related art For example, a composition comprised of the aforementioned synthetic 
55 resin and/or coloring agent and magnetic material may be melted and mixed, then pulverized and classified by air force 
to obtain 50 to 200 jim magnetic particles. Alternatively, a similar composition may be mixed into a solvent and then the 
mixture dried and the result classified to obtain 50 to 200 [im magnetic particles. By using magnetic particles 14 of such 
a particle size, the resolution at the screen 4a of the magnetic display panel 20 is improved and also the cause of con- 
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tamination of the white fluid is eliminated and the display quality is improved. 

[0087] In this embodiment, the liquid dispersion 12 to be sealed in the individual cells 30 contains 80 to 90 wt% of 
a white fluid and 10 to 20 wt% of the magnetic particles 14. If the ratio of content of the magnetic particles 14 in the 
liquid dispersion is too low, the amount of the magnetic particles 14 is too small and therefore the resolution of the dis- 
5 played object at the screen 4a of the display device tends to end up deteriorating. For example, lines or letters will 
become thinner and may be broken in the middle. Further, if the ratio of content of the magnetic particles 14 is too high, 
the density of the displayed object at the screen 4a of the display device can be made high, but the white fluid will easily 
be contaminated and therefore the whiteness of the screen 4a will become weaker at the time of erasure and the con- 
trast will be reduced. 

10 

gqcond Embodiment 

Magnetophoresis Type Colo r Display Device 

is [0088] As shown in Fig. 4, the magnetophoresis type color display device 1 02 according to the second embodiment 
of the present invention is structured the same as the magnetophoresis type display device 2 according to the above 
first embodiment except where explained below. In the following explanation, only the portions different from the mag- 
netophoresis type display device 2 according to the first embodiment will be explained in detail. Portions the same in 
the drawings will be given the same reference numerals and will not be explained. 

20 [0089] In the magnetophoresis type color display device 1 02'of this embodiment, the cell spaces 1 5 of the magnetic 
display panel 120 have sealed inside them either a first liquid dispersion 12a containing first colored magnetic particles 
14a, a second liquid dispersion 12b containing second colored magnetic particles 14b, or a third liquid dispersion 12c 
containing third colored magnetic particles 14c. Any liquid dispersions 12a to 12c may be sealed in any of the cell 
spaces 15, but it is preferable to use the later explained method to divide the large number of cell spaces 1 5 constituting 

25 the screen into for example three types of blocks and seal different liquid dispersions 12a to 12c in the blocks. Each of 
the cell spaces 15 sealed with the liquid dispersion 12a, 12b, or 12c constitutes a single display cell 30 shown in Fig. 5. 
[0090] in this magnetophoresis type color display device 102, by sliding the tip of the magnetic pen 16 on the 
screen 4a formed by the surface of the display panel sheet 4, a magnetic field acts on the colored magnetic particles 
14a to 14c in the display cells 30 corresponding to the path of movement of the magnetic pen 16, magnetophoresis of 

30 the colored magnetic particles 14a to 14c occurs inside the cells 30, and a color display is formed at the screen 4a. For 
erasing the display at the screen 4a, the magnetic lever 18 is made to move along the bottom of the magnetic display 
panel 20 thereby erasing the color display on the screen 4a of the magnetic display panel 20. 

[0091] The tip of the magnetic pen 16 holds a permanent magnet. The magnetic lever 18 also holds a permanent 
magnet. The magnetic pen 1 6 is not connected to the magnetic display panel 20 and is supplied as a separate member. 
35 The magnetic lever 18 is arranged connected to the magnetic display panel in advance so as to be able to move along 
the outer surface of the back panel sheet 6. The magnetic lever 18 may be operated manually by the operator, but may 
also be operated automatically by connection of the magnetic lever to a motor actuator or other drive device and 
depression of an operating button etc. 

[0092] The magnet 1 7 of the recording magnetic pen 1 6 has a magnetic force of an extent giving an effective mag- 

40 netic flux density of 100 to 500 Gauss at the outer surface of the back panel sheet 6 in the state when the magnet 17 
of the magnetic pen 16 is brought into contact with the outer surface of the front panel sheet 4. Further, the magnet 19 
of the erasing magnetic lever 18 has a magnetic force of an extent giving an effective magnetic flux density of 300 to 
1500 Gauss at the outer surface of the front panel sheet 4 in the state when the magnet 19 of the magnetic lever 18 is 
brought into contact with the outer surface of the back panel sheet 6. 

45 [0093] When the magnetic force of the magnet 1 7 of the recording Magnetic pen 1 6 is too small, the magnetophore- 
sis action in the cells 30 is weak, so the color display at the screen 4a is difficult. Further, when the magnetic force of 
the magnet 17 of the recording magnetic pen 16 is too large, the magnetic field is too strong, so the resolution of the 
color displayed object tends to be detracted from when the magnetically floating colored magnetic particles 14a to 14c 
are displayed at the panel screen 4a. 

so [0094] Further, if the magnetic force of the magnet 19 of the erasing magnetic lever 18 is too small, the magneto- 
phoresis action in the ceils 30 is weak, it becomes difficult to pull back the colored magnetic particles 14a to 14c from 
the panel screen 4a side, and the erasure of the displayed object at the screen 4a tends to become difficult. Further, if 
the magnetic force of the magnet 19 of the erasing magnetic lever 18 is too large, the magnetic. field is too strong, so 
the colored magnetic particles 14a to 14c magnetically floating for erasure remain at the inner surface of the panel 

55 screen as "stubble" and therefore the display of the panel screen 4a cannot be cleanly erased. 

[0095] The material of the magnets 1 7 and 19 is not particularly limited. Any known one may be used. For example, 
it is possible to select from magnets comprised of ferrite powder (magnetoplumbite type ferrite), magnets comprised of 
metal powder (Nd, Sm, Co, Fe, Nt, and others alone or in alloys), and magnets formed by adding rubber or a resin to 
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these materials. 

[0096] In the display panel 20 of the display device 102 according to this embodiment, the front panel sheet 4 is 
comprised of a transparent sheet and forms the panel screen 4a at its outer surface. The material of the front panel 
sheet 4 is polyethylene terephthalate in this embodiment. A magnetic display panel 20 having a front panel sheet 4 
s comprised of polyethylene terephthalate is easier to dispose of and is environmentally friendly. Further, the contrast at 
the screen is improved by making the front panel sheet polyethylene terephthalate. 

[0097] The thickness of the front panel sheet 4 is not particularly limited, but preferably is 0.10 to 0.50 mm, more 
preferably 0.1 5 to 0.25 mm. If the thickness of the front panel sheet 4 is too small, the durability of it to wear by the mag- 
netic pen 16 tends to decline, while if the thickness is too large, the material is wasted. Note that the front panel sheet 

io 4 may also be a multilayer sheet. 

[0098] The back panel sheet 6 does not necessarily have to be transparent. Its material is not particularly limited, 
but for example may be polyvinyl chloride, polyethylene terephthalate (PET), polyester, polyethylene, or another syn- 
thetic resin, but preferably is PET The thickness of the back panel sheet 6 is not particularly limited, but preferably is 
0.05 to 0.30 mm, more preferably 0.10 to 0.20 mm. If the thickness of the back panel sheet 6 is too small, the durability 

75 tends to decline, while if the thickness is too large, the material is wasted. The back panel sheet 6 may also be com- 
prised of a multilayer sheet. 

[0099] The honeycomb structure 10 is comprised of a special paper having water resistance (paper coated with a 
resin). The cross sectional area of the substantially regular hexagonal shape of the cell spaces 15 in the honeycomb 
structure 10 is not particularly limited, but preferably is 1 ,0 to 5.0 mm 2 , more preferably 2.0 to 3.0 mm 2 . The smaller the 

20 cross sectional area, the finer the display definition that can be obtained, but if too small, smooth magnetophoresis of 
the colored magnetic particles 14 at the cells 30 tends to become difficult while if too large, fine display definition tends 
to become difficult. In this embodiment, such a honeycomb structure 10 is used to enable an increase of the resolution 
of the displayed object at the screen 4a and due to the superior strength as welt. Further, by making the honeycomb 
structure 10 by paper, disposal of the magnetic display panel 20 becomes easy. The process of production of the hon- 

25 eycomb structure wilt be explained later. 

[0100] The thickness of the partitions partitioning the cell spaces 15 in the honeycomb structure 10 is not particu- 
larly limited, but preferably is 0.01 to 0.5 mm, more preferably 0.03 to 0.1 mm. The thickness of the partitions is prefer- 
ably thinner from the perspective of eliminating breaks in the display at the screen 4a, but if too thin, the strength tends 
to decline. 

30 [0101 ] The height H (see Fig. 3) of the honeycomb structure 10 corresponds to the thickness T of the sealed space 
8 (cell spaces 15) shown in Fig. 5. In this embodiment, the thickness T is 0.8 to 1.5 mm. If the thickness is too small, it 
becomes necessary to adjust the whiteness of the white fluid for concealing the hue of the colored magnetic particles 
14a to 14c in the cells 30 by including more white particles in the white fluid. As a result, the viscosity of the white fluid 
will become high preventing smooth magnetophoresis of the colored magnetic particles 14a to 14c and necessitating 

35 an increase in the magnetic flux density of the magnets 1 7 or 1 9 at the magnetic pen 1 6 or magnetic lever 1 8. Further, 
this tends to have a detrimental effect on the resolution and hues of the displayed object displayed on the screen 4a of 
the display device. 

[0102] Further, if the thickness of the sealed space T is too large, in order to make the colored magnetic particles 
14a to 14c sufficiently magnetically float to the front panel sheet 4 side or the back panel sheet 6 side in the cells 30, 

40 since the magnetophoresis distance is long, it is necessary to increase the magnetic flux density of the magnets 17 or 
19 of the magnetic pen 16 or magnetic lever 18. Further, the magnets 17 or 19 end up becoming higher in cost. 
[0103] As shown in Fig. 5, the liquid dispersions 12a to 12c sealed in the insides of the individual cells 30 are com- 
prised of a white fluid in which colored magnetic particles 14a to 14c are dispersed. The white fluid contains at least a 
white pigment (including dyes) and a dispersion medium. The white pigment is not particularly limited, but may include 

45 for example titanium oxide, alumina, zinc oxide, silica, barium titanate, barium zirconate, etc. In this embodiment, tita- 
nium oxide (TiO^, alumina (AI2O3), zinc oxide (ZnO) t silica (silicon oxide or SiO^, and other white inorganic oxides are 
preferably used. Further, the dispersion medium is not particularly limited and may include for example water, glycol, or 
another poiar dispersion medium, an organic solvent, oil, or other nonpolar dispersion medium, etc. In this embodiment, 
preferably a paraffin (in particular isoparaffin) is used. 

50 [01 04] In this embodiment, when the total weight of the white fluid is 1 00 wt%, the wt% of the isoparaffin in the white 
fluid is A, and the wt% of the mixture of the white inorganic oxides is B, the weight ratio A/B is in the relationship of 
10^A/Bs20. 

[0105] If the weight ratio A/B is too large, the whiteness of the white fluid will become weak and will tend not to be 
able to completely erase the color of the colored magnetic particles 14a to 14c from the panel screen 4a and the panel 
55 screen 4a will appear dirty. Further, if A/B is too small, the whiteness of the white fluid will end up concealing the hues 
of the colored magnetic particles 14a to 14c resulting in the inability to obtain a clear hue display. 
[0106] Further, in this embodiment, the viscosity of the white fluid is 200 to 800 cp at 25°C. If the viscosity ol the 
white fluid is too low, the magnetic particles displayed at the panel top surface will not be able to be held. Further, if the 
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viscosity of the white fluid is too high, this will prevent smooth magnetophoresis of the colored magnetic particles 14a 
to 14c and necessitate an increase in the magnetic flux density of the magnet 17 or 19 or the recording magnetic pen 
1 6 or erasing magnetic lever 1 8. 

[0107] In this embodiment, the colored magnetic particles 14a to 14c contained in the white fluid in the liquid dis- 
5 persions 12a to 12c are not particularly limited so long as they are colored differently. Various colored particles may be 
used. For example, as the colored magnetic particles 1 4a to 1 4c. it is possible to use particles comprised of territe pow- 
der, metal powder, or other magnetic materials coated on their outer peripheries with a synthetic resin or coloring agent. 
[0108] The material of the magnetic material in the colored magnetic particles 14a to 14c is selected from materials 
giving a magnetization of the colored magnetic particles 14a to 14c of at least 20.0 emu/g when a magnetic field of 500 
10 Oe is applied to the colored magnetic particles 14a to 14c. The material of the magnetic material is not particularly lim- 
ited, but may include for example black magnetite, chromium dioxide, ferrite (spiral type ferrite, magnetoplumbite type 
lerrite), and other oxide magnetic materials or cobalt, iron, copper, nickel, or their alloys or other metal magnetic mate- 
rials, preferably metal magnetic materials. 

[0109] The colored magnetic particles 14a to 14c must have a magnetization of an extent enabling magnetophore- 
75 sis under the action of the low magnetic field of the recording magnetic pen 16 or erasing magnetic lever 18. By giving 
such a range of magnetization, the colored magnetic particles 14a to 14c sufficiently magnetically float and the display 
and/or erasing action at the screen 4a of the display device is improved. 

[01 1 0] As the synthetic resin including in the colored magnetic particles 1 4a to 1 4c, any known ones may be used. 
For example, it is possible to select it from styrene-based, polyester-based, acryl-based, epoxy-based, and other resins. 

20 Further, as the coloring agent, it is possible to use known inorganic or organic pigments in accordance with the hue to 
be colored. For example, when making one of the colored magnetic particles 14a to 14c black, carbon black is used. 
Further, when making the colored magnetic particles 14a blue magnetic particles, making the colored magnetic parti- 
cles 14b green magnetic particles, and making the colored magnetic particles 14c red magnetic particles, it is prefera- 
ble to use the following coloring agents. That is, as the blue coloring agent, a Co-Mn-based complex oxide pigment or 

25 other coloring agent is preferable. As the green coloring agent, a Co-Mn-based complex oxide pigment or other coloring 
agent is preferred. As the red coloring agent, hematite or another coloring agent is preferable. 

[0111] Note that the synthetic resin and/or coloring agent at the colored magnetic particles 14a to 14c preferably 
comprises a coating layer coating the magnetic material powder. When the magnetic material powder is not coated by 
a coating layer, its resistance to wear declines which tends to cause coloring of the screen. Further, the colored mag- 
30 netic particles 14a to 14c must not form blocks in the liquid dispersions 12a to 12c, so the types of the synthetic resin 
and/or coloring*agent are selected from ones not causing their softening or swelling etc. in the liquid dispersions. It is 
possible to use synthetic resins which are partially cross-linked by a cross-linking agent (for example, a urethane mod- 
ifier) etc. 

[01 1 2] In the present embodiment, the weight ratio between the magnetic material in the colored magnetic particles 
35 14a to 14c and the synthetic resin and/or coloring agent differs depending on the hue etc. of the particles 14a to 14c, 
but generally a weight ratio of 60 to 90 wt% of magnetic material and 10 to 40 wt% of the synthetic resin and/or coloring 
agent is preferable. 

[011 3] In the present embodiment, the mean particle size of the colored magnetic particles 14a to 14c is 50 to 200 
jxm. The colored magnetic particles 14a to 14c may be spherical or may be irregular shapes other than spheres and 

40 can be obtained by ordinary manufacturing processes of the related art. For example, a composition comprised of the 
afore-mentioned synthetic resin and/or coloring agent and magnetic material may be melted and mixed, then pulverized 
and classified by air force to obtain 50 to 200 *im magnetic particles. Alternatively, a similar composition may be mixed 
into a solvent and then the mixture dried and the result classified to obtain 50 to 200 \im magnetic particles. If the mean 
particle size of the colored magnetic particles is too small, the background color, that is, the white fluid, will easily be 

45 contaminated due to the effect of the colored magnetic particles 14a to 14c and the response in the magnetophoresis 
at the time of erasing an image display will tend to become slow. Further, if the mean particle size of the colored mag- 
netic particles 14a to 14c is too large, while a color display will be possible, the resolution of the color display will tend 
to deteriorate. 

[0114] In this embodiment, the ratio of mixture of the white fluid and the colored magnetic particles 14a to 14c in 
so the liquid dispersions 1 2a to 1 2c to be sealed in the individual cells 30 differs depending on the hues of the colored mag- 
netic particles 1 4a to 1 4c, but in general a weight ratio of 80 to 90 wt% of the white fluid and 1 0 to 20 wt% of the colored 
magnetic particles 14a to 14c is preferable. If the ratios of content of the colored magnetic particles 14a to 14c in the 
liquid dispersions are too low, the amounts of the colored magnetic particles 14a to 14c are too small, so the resolution 
of the displayed object at the screen 4a of the display device tends to end up deteriorating. For example, the lines and 
55 letters become thinner and may even break in the middle. Further, if the ratios of content of the colored magnetic parti- 
cles 1 4a to 1 4c are too high, while the density of the displayed object at the screen 4a of the display device can be made 
high, the white fluid is easily contaminated and therefore the whiteness at the screen 4a at the time of erasure may 
become weaker and will tend to cause a decline in the color contrast. 
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Process of Production of Maanetophoresis Type Color Display Device 

[0115] To produce the magnetophoresis type color display device 102 according to the present embodiment, first, 
as shown in Fig. 7, a honeycomb structure 10 is placed in a depression 4b of a front panel sheet 4 havingthat depres- 
5 sion 4b at its inner surface and comprised of transparent PET. The honeycomb structure 10 of the present embodiment 
is comprised of a special paper and, as shown in Fig. 6A, is compacted in one direction to form a honeycomb preshap- 
ing block 10a in the state before attachment. Tensile force F is made to act from the two sides of the honeycomb pre- 
shaping block 10a to expand the block 10a to open up the cell spaces 15 as shown in Fig. 6B. 

[01 1 6] For example, in the block 10a state, the length L1 in one direction is preferably 3.0 to 5.0 cm, more preferably 
io 3.5 to 4.5 cm, while the length 12 of the structure 10 after expansion is preferably 40 to 60 cm, more preferably 45 to 
58 cm. Further, the open length L3 of the cell spaces 1 5 in the structure 1 0 after expansion is preferably 2.5 to 5.0 mm, 
more preferably 2.8 to 4.2 mm. The tensile force F for opening them up in this way changes depending on the size of 
the honeycomb structure 10 and is not particularly limited, but for example may be 50 to 100 gf or so. If the tensile force 
is too small, the cell spaces 15 tend not to be able to be opened up well, while if too large, the honeycomb structure 10 
75 is liable to be broken. 

[01 17] The open length L3 of the cell spaces 15 tends to shrink along with the elapse of time along with the length 
L2 of the honeycomb structure 1 0, so in this embodiment, after the tensile force F is released (for example, after several 
tens of seconds), a solidifying agent is sprayed onto the honeycomb structure 10. The solidifying agent is not particu- 
larly limited so long as it is a solidifying agent which can suppress the shrinkage of the shape of the expanded honey- 

20 comb structure 10, but for example use may be made of a solidifying agent comprised of a solution of a styrene-acryl 
copolymer or other acryl resin dissolved in ethyl acetate. The weight ratio of the ethyl acetate and the acryl resin in the 
solidifying agent is not particularly limited, but preferably is 10 to 20 wt% of the acryl resin with respect to 80 to 90 wt% 
of the ethyl acetate. By increasing the ratio of content of the resin, the effect of suppression of shrinkage of the structure 
10 can be expected to be heightened, but if the ratio of content of the resin is made too high, coating by spraying will 

25 tend to become difficult. 

[01 18] In the state with the cell spaces 15 opened up and the shrinkage of the honeycomb structure 10 suppressed, 
the honeycomb structure 10 is cut to a predetermined size. Next, as shown in Fig. 7, the cut honeycomb structure 10 is 
placed into and adhered to the depression 4b of the front panel sheet 4 having the depression 4b at its inside. 
[0119] Next, the liquid dispersion 12a, 12b, and 12c containing the magnetic particles of the first to third colored 

30 magnetic particles 1 4a to 14c are filled inside the cell spaces 15 according to a predetermined rule or at random. To fill 
them in accordance with a predetermined rule, the method of using masking sheets or molds formed with pattern open- 
ings for predetermined colors, the method of using masking tape, or the method of using screen printing may be men- 
tioned as examples, but in this embodiment masking sheets 50a to 50c shown in Fig. 8A to Fig. 8C are used. 
[0120] The masking sheets 50a to 50c shown in Fig. 8A to Fig. 8C are respectively formed with first coloring open- 

35 ings 52a, second coloring openings 52b, and third coloring openings 52c. These openings 52a to 52c may be any pat- 
terns so long as they are patterns not overlapping with each other and may be random patterns, regular patterns, 
picture patterns, design patterns, character goods patterns, etc. 

[0121] The masking sheets 50a to 50c are comprised of synthetic resin sheets in this embodiment. The thickness 
t1 (see Fig. 7) of the sheets is preferably 0.05 to 1 .0 mm, more preferably 0.1 to 0.2 mm. If the thickness t1 is too small, 

40 the sheets will rise up at the later explained wiping (squeegeeing) and the masking effect wilt tend to be small, while if 
the thickness t1 is too large, the liquid dispersion remaining at the openings 52a to 52c at the time of peeling off the 
masking sheets 50a to 50c will be liable to flow into cell spaces which they originally should not be filled into. 
[0122] The masking sheets 50a to 50c, as shown in Fig. 7, must be placed positioned with respect to the honey- 
comb structure 10. Further, they must not move out of position from the honeycomb structure at the time of the later 

45 wiping. Therefore, in the present embodiment, tacky layers are preferably formed at the backs of the masking sheets 
50a to 50c. The tackiness of the tacky layers is determined to be an extent so that the masking sheets 50a to 50c will 
not slip from the honeycomb structure 10 at the time of the later explained wiping and the honeycomb structure will not 
be damaged when the masking sheets 50a to 50c are peeled away from the honeycomb structure 10. 
[0123] Note that instead of forming tacky layers at the backs of the masking sheets 50a to 50c, it is also possible to 

so form a large number of projections. The projecting height of the projections is preferably 0.1 to 0.5 mm. By forming pro- 
jections, the degree of friction between the masking sheets and the honeycomb structure rises etc. so it will become 
more difficult for the masking sheets 50a to 50c to slip from the honeycomb structure 10 at the time of wiping. 
[0124] In the present embodiment, first, the masking sheet 50a in which the openings 52a are formed is placed 
positioned against the inside of the front panel sheet 4 in which the honeycomb structure 10 shown in Fig, 7 is housed. 

55 Next, the insides of the blocks of the plurality of cell spaces 1 5 positioned in patterns corresponding to the openings 52a 
of the masking sheet 50a are filled with the first liquid dispersion 1 2a containing the first colored magnetic particles 1 4a. 
[0125] At the time of filling, the liquid dispersion is filled from the openings 52a of the masking sheet 50a so as to 
protrude somewhat. Next, a wiping device 60 is used to wipe the surface of the masking sheet 50a at least once, pref- 
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erably several times. 

[0126] The wiping device 60 is provided with a rubber blade 62. The blade 62 is held by a moving member 64. The 
moving member 64 is able to move along a rail 66. As a result, the front edge of the blade 62 can wipe the entire surface 
of the masking sheet 50a. 

s [0127] Next, the masking sheet 50a is removed and the masking sheet 50b formed with another pattern of open- 
ings 52b is placed positioned against the inside of the front panel sheet 4 in which the honeycomb structure 10 is 
housed. Next, the insides of the blocks of the plurality of cell spaces 15 positioned in patterns corresponding to the 
openings 52b of the masking sheet 50b are filled with the second liquid dispersion 12b containing the second colored 
magnetic particles 14b and then wiping is performed in same way as above. 
io [0128] Next, the masking sheet 50b is removed and the masking sheet 50c formed with another pattern of openings 
52c is placed positioned against the inside of the front panel sheet 4 in which the honeycomb structure 10 is housed. 
Next, the insides of the blocks of the plurality of cell spaces 15 positioned in patterns corresponding to the openings 52c 
of the masking sheet 50c are filled with the third liquid dispersion 12c containing, the third colored magnetic particles 
1 4c and then wiping is performed in same way as above. 
75 [0129] Next, the masking sheet 50c is removed and, as shown in Fig. 9, the back panel sheet 6 coated on its inner 
surface with an adhesive 42 is pressed against and adhered to the illustrated top surface of the honeycomb structure 
10 and the inner surface of the outer periphery of the front panel sheet 4. Next, a high frequency type welder is used to 
heat bond part 40 of the outer periphery of the front panel sheet 4 to completely seal the inside and obtain the magnetic 
display panel 120 shown in Fig. 4. The conditions for the heat bonding of the high frequency type welder are not partic- 
le ularly limited, but preferably are a heating temperature of 80 to 1 10°C. more preferably 95 to 105°C, for preferably 3 to 
7 seconds, more preferably 4 to 6 seconds. If the heating temperature is too low, the heat bonding of the front panel 
sheet 4 comprised of PET will tend to be difficult, while if the temperature is too high, there will tend to be a detrimental 
effect on thejiquid dispersions 12a to 12c at the inside. Note that Fig. 4 and Fig. 9 show the magnetic display panel 120 
reversed in direction from each other. 
25 [01 30] By this process, as shown in Fig. 8D, it is possible to produce a magnetophoresis type color display device 
102 in which the overall screen 4a is divided into predetermined patterns of three types of blocks and in which the 
insides of the cell spaces 15 positioned in the blocks are filled with liquid dispersions 12a to 12c containing colored 
magnetic particles 14a to 14c of different hues and thereby can display a plurality of colors. 

30 Other Embodiments 

[01 31 ] Note that the present invention is not limited to the above embodiments and can be modified in various ways 
within the scope of the invention. 

[0132] For example, the recording magnetic member given as the recording magnetic pen 16 shown in Fig. 1 and 
35 Fig. 4 need not be completely separate from the magnetic display panel 20 and may be connected by a cord or other 
means. Further, the recording magnetic member given as the recording magnetic pen 16 need not be moved by hand 
and may be made to move automatically by an XY plotter etc. 

[01 33] Further, the hues of the colored magnetic particles 1 4a to 1 4c are not limited to the three primary colors and 
may be other hues as well. Further, the types of the colored magnetic particles are not limited to the three types. Two 
40 types or four or more types are also possible. Further, the hue of the single-color fluid serving as the background color 
of the liquid dispersion in which the colored magnetic particles are dispersed is not limited to white and may be other 
colors as well. 

[0134] The present invention will be explained in more detail below with reference to detailed examples, but the 
present invention is of course not limited to these examples. 

45 

Example 1 

Preparation of Panel Filling 

so [0135] Predetermined amounts of isoparaffin, titanium oxide, silicon oxide, and alumina were prepared as in the 
compositions shown in the following Table 1 and were mixed by a homogenizer at 4000 rpm for 5 minutes to obtain the 
white fluids 1 to 5. 


55 
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Table 1 



Composition (wt%) 

(C)/(D) weight ratio 


Isoparaffin 

Titanium oxide pow- 
der (C) 

Silicon oxide powder 
(D) 

Alumina powder 


White fluid 1 

94.0 

3.5 

2.0 

0.5 

1.75 

White fluid 2 

96.2 

1.8 

1.5 

0.5 

1.20 

White fluid 3 

94.9 

3,6 

1.5 

0.5 

2.40 

White fluid 4* 

95.0 

2.0 

2.5 

0.5 

0.80* 

White fluid 5* 

94.0 

4.0 

1.5 

0.5 

2.67* 

Asterisks indicate outside preferable range. 


[0136] Further, these white fluids were transferred to a plurality of separate containers, added with magnetic pow- 
ders 1 to 4 of the compositions and magnetic characteristics shown in the following Table 2 (corresponding to magnetic 
particles 14 in Fig. 1 and Fig. 2), then mixed using a mixer at 300 rpm for 1 minute to obtain the liquid dispersions serv- 
ing as the panel filling. The weight ratios of the white fluids to the magnetic powders in the liquid dispersions are shown 
in the following Table 3. 

[01 37] Note that the relationships between the applied magnetic fields and magnetizations in the magnetic powders 
1 to 4 are shown in Fig. 10A. 

[0138] The mean particle sizes of the magnetic powders 1 to 4 were from 100 to 120 urn. The mean particle sizes 
were measured by placing the magnetic powders on various sieves of mesh nos. 83 to 325, shaking them, finding the 
amounts of the magnetic powders remaining on the respective sieves, then calculating the mean particle sizes from the 
weight ratios. 


Table 2 



Composition [Figures in parentheses 
are wt%] 

Magnetization (emu/g) 



Applied magnetic field 
200 Oe 

Applied magnetic field 
500 Oe 

Magnetic powder 1 

Fe powder (65) + resin(31) + carbon 
black (4) 

9.2 

20.5 

Magnetic powder 2 

Mn-Znferrite (100) 

14.2 

34.8 

Magnetic powder 3 

Magnetite (90) + resin (10) 

13.1 

32.2 

Magnetic powder 4* 

Magnetite (65) + resin (35) 

7.6* 

19.1* 

(Oe: Oersted) 


Preparation of Magnetic Display Panel 

[0139] A transparent polyvinyl chloride sheet of a thickness of 0.20 mm was prepared as the front panel sheet 4 
shown in Fig. 1 , a transparent polyvinyl chloride sheet of a thickness of 0.1 0 mm was prepared as the back panel sheet 
6, and special paper honeycomb structures were prepared as the honeycomb structure 10 shown in Fig. 3. The cross 
sectional area of the cell spaces 15 in the honeycomb structures 10 was 3.0 mm 2 , while the thickness of the partitions 
partitioning the cell spaces 15 was 0.05 mm. As the honeycomb structures 10, ones having various heights H (see Fig. 
3) were prepared. The heights H corresponded to the thickness T of the sealed spaces 8 shown in Fig. 2. Ones of var- 
ious thicknesses were prepared as shown in the following Table 3. 

[0140] One surface of each of the honeycomb structures 1 0 was adhered to the inner surface of a front panel sheet 
4 shown in Fig. 1 , then the insides of the cell spaces 15 were filled with a filling obtained at the process of preparation 
of the panel filling under agitation. When filling the filling, the assembly was turned upside down from Fig. 1 and the front 
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panel sheet 4 was made to be positioned at the bottom. Next, a back panel sheet 6 comprised of a polyvinyl chloride 
sheet coated with an epoxy-based adhesive was pressed down and adhered to the inner surface of the outer periphery 
of the front panel sheet 4 and the other surface of the honeycomb structure 10 to completely seal the inside. As a result, 
the magnetic panels 1 to 14 shown in Table 3 (corresponding to the magnetic display panel 20 shown in Fig. 1) were 
5 obtained. 
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[0141] The obtained magnetic panels 1 to 14 were measured and evaluated as below. The results are shown in 
Table 3. 

[0142] The measurements were conducted as follows: 
Measurement 

a. Measurement of Magnetization 

[0143] The magnetization of a magnetic powder sample was measured by using a vibrating sample type magne- 
tometer (VSM-3 made by Toei Kogyo), setting the magnetic powder sample in a holder, and changing the magnetic field 
applied. 

b. Measurement of Effective Magnetic Flux Density 

[0144] The effective magnetic ftux density of a magnet used for a recording magnetic pen in the magnetic display 
panel was measured by using magnetic display panels 1 to 14 having predetermined thicknesses of sealed spaces as 
shown in Table 3, placing the tip of the magnetic pen against the screen of the panels in succession, and finding the 
magnetic flux density at the outer surface of the back panel sheet of each of the magnetic display panels by a handy 
type magnetometer (FS-5 made by EDS Co.). Similarly, the effective magnetic flux density of a magnet used for an 
erasing magnetic arm was measured by using magnetic display panels 1 to 14 having predetermined thicknesses of 
sealed spaces as shown in Table 3, placing the erasing magnet against the outer surface of the back panel sheet, and 
finding the magnetic flux density at the outer surface of the front panel sheet of each of the magnetic display panels by 
a handy type magnetometer (FS-5 made by EDS Co.). 

c. Measurement of Reflectance (Measurement of Contrast) 

[0145] The reflectance at the screen of a magnetic display panel was measured using a reftectometer (Reflectme- 
ter/TC-6MC made by Tokyo Denshoku) and placing the reftectometer directly against the display image on the screen 
of the magnetic display panel. The reflectance was found for both of the case where black was being displayed on the 
screen of the magnetic display panel (state where magnetic particles 14 shown in Fig. 2 were close to inner surface of 
front panel sheet 4) and where white was being displayed (state where magnetic particles 14 shown in Fig. 2 were close 
to inner surface of back pane! sheet 6). In the case of the black display, the smaller the reflectance, the better. For exam- 
ple, not more than 20% is preferable. In the case of a white display, the higher the reflectance the better. For example, 
at least 52% is preferable. To improve the contrast at the screen, the reflectance at the black display is preferably not 
more than 20% and the reflectance at the white display is preferably not less than 52%. The results are shown in Table 
3. 

d. Resolution of Displayed Object 

[0146] The resolution of the displayed object at the screen was confirmed visually. Breaks in the lines shown in Fig. 
11 A or blurring of the letters shown in Fig. 1 1 B were looked for. In the column on evaluation of the resolution of the dis- 
played object in Table 3, "good" indicates that no line breaks or letter blurring etc. could be observed even with 10 
repeated tests, while "poor" indicates that line breaks or letter blurring were observed at least five times after 10 
repeated tests. 

[0147] As will be understood from the above Tables 1 to 3, compared with the magnetophoresis type display 
devices using magnetic particles, white fluids, magnetic display panels, recording magnetic members, or erasing mag- 
netic members out of the preferable range of numerical values of the present invention, magnetophoresis type display 
devices using magnetic particles, white fluids, magnetic display panels, recording magnetic members, or erasing mag- 
netic members inside of the preferable range of numerical values of the present invention were confirmed as having no 
image breaks in display at the boundary portions of the individual cells and as being improved in contrast of the display 
image and resolution of the display image. 

Example 2 

Preparation of Panel Filling 

[0148] Predetermined amounts of isoparaffin, titanium oxide, silicon oxide, and alumina were prepared as in the 
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compositions shown in the following Table 4 and were mixed by a homogenizer at 4000 rpm for 5 minutes to obtain the 
white fluids 21 to 27. 


Table 4 


Sample 

Composition (wt%) 

C/D 


Isoparaffin 

Titanium oxide (C) 

Silicon oxide (D) 

Alumina 

C+D 


White fluid 21 

94.0 

3.5 

2.0 

0.5 

5.5 

1.75 

White fluid 22 

96.2 

1.8 

1.5 

0.5 

3.3 

1.20 

White fluid 23 

94.9 

3.6 

1.5 

0.5 

5.1 

2.40 

White f tuid 24 

95.0 

2.5 

2.0 

0.5 

4.5 

1.25 

White fluid 25* 

95.0. 

2.0 

2.5 

0.5 

4.5 

0.80* 

White fluid 26* 

92.5 

4.0 

3.0 

0.5 

7.0* 

1.33 

White fluid 27* 

96.8 

1.2 

1.0 

0.5 

2.5* 

1.20 

Asterisks indicate outside preferable range. 


[0149] Further, these white fluids were transferred to a plurality of separate containers, added with magnetic pow- 
ders 21 to 26 of the compositions and magnetic characteristics shown in the following Table 5 (corresponding to mag- 
netic particles 14 in Fig. 1 and Fig. 2), then mixed using a mixer at 300 rpm for 1 minute to obtain the liquid dispersions 
serving as the panel fillings. The amounts of the magnetic powders added in the liquid dispersions are shown in the fol- 
lowing Table 6. 

[01 50] Note that the relationships between the applied magnetic fields and magnetizations in the magnetic powders 
21 to 26 are shown in Fig. 10B. The mean particle sizes of the magnetic powders 21 to 26 were from 100 to 120 ^im. 
The mean particle sizes were measured by placing the magnetic powders on various sieves of mesh nos. 83 to 325, 
shaking them, finding the amounts of the magnetic powders remaining on the respective sieves, then calculating the 
mean particle sizes from the weight ratios. 


Table 5 


Sample 

Composition (wt%) 

Magnetization (emu/g) 


Magnetic powder 

Resin 

Coloring agent 

Applied magnetic 
field 200 Oe 

Applied magnetic 
field 500 Oe 

Magnetic powder 
21 

Fe powder 65.0 

Styreneacryl 
31.0 

Carbon 4.0 

9.2 

20.5 

Magnetic powder 
22 

Magnetite 80.0 

Styreneacryl 
18.0 

Carbon 2.0 

11.5 

31.5 

Magnetic powder 
23 

Fe powder 87.0 

Styreneacryl 
12.0 

Carbon 1 .0 

10.4 

28.7 

Magnetic powder 
24 

Fe powder 75.0 

Styreneacryl 
23.0 

Carbon 2.0 

9.7 

24.1 

Magnetic powder 
25* 

Magnetite 92.5 

Styreneacryl 7.0* 

Carbon 0.5* 

19.8 

42.1 

Magnetic powder 
26* 

Fe powder 55.0 

Styreneacryl 
43.0* 

Carbon 2.0 

5.8* 

14.7* 

Asterisks indicate outside preferable range- 
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Preparation of Magnetic Display Panel 

[0151] Transparent polyvinyl chloride sheets the same as in Example 1 were prepared as the front panel sheet 4 
and back panel sheet 6 shown in Fig. 1, and special paper honeycomb structures similar to Example 1 were prepared 
as the honeycomb structure 10 shown in Fig. 3. 

[0152] One surface of each of the honeycomb structures 10 was adhered to the inner surface of a front panel sheet 
4 shown in Fig. 1, then the insides of the cell spaces 15 were filled with a filling obtained at the process of preparation 
of the panel fittings under agitation. When filling the filling, the assembly was turned upside down from Fig. 1 and the 
front panel sheet 4 was made to be positioned at the bottom. Next, a back panel sheet 6 comprised of a polyvinyl chlo- 
ride sheet coated with an epoxy-based adhesive was pressed down and adhered to the inner surface of the outer 
periphery of the front panel sheet 4 and the other surface of the honeycomb structure 10 to completely seal the inside. 
As a result, the magnetic panels 21 to 38 shown in Table 6 (corresponding to the magnetic display panel 20 shown in 
Fig. 1) were obtained. 


Table 6 


Panel sample 

Thickness of 
sealed space 
(mm) 

Filling sample 

Amount of 
magnetic pow- 
der added 
.(wt%) 

Effective mag- 
netic flux den- 
sity of 
magnetic pen 
at pane! bot- 
tom fC^ati^*;^ 

Effective mag- 
netic flux den- 
sity of erasure 

magnet at 
panel surface 

Panel 21 

1.0 

Magnetic pow- 
der 21 

White fluid 21 

15.0 

220 

228 

Panel 22 

1.0 

Magnetic pow- 
der 22 

White fluid 22 

12.0 

215 

225 

Panel 23 

1.0 

Magnetic pow- 
der 23 

White fluid 23 

15.0 

222 

234 

Panel 24 

1.0 

Magnetic pow- 
der 24 

white fluid 24 

10.0 

221 

230 

Pane! 25 

0.8 

Magnetic pow- 
der 21 

White fluid 24 

12.0 

287 

298 

Panel 26 

0.8 

Magnetic pow- 
der 23 

White fluid 21 

15.0 

291 

296 

Panel 27 

1.5 

Magnetic pow- 
der 22 

White fluid 23 

15.0 

105 

109 

Pane! 28 

1.5 

Magnetic pow- 
der 23 

White fluid 22 

20.0 

114 

120 

Panel 29 

1.5 

Magnetic pow- 
der 22 

White fluid 21 

15.0 

112 

118 

Panel 30* 

1.7* 

Magnetic pow- 
der 21 ' 

White fluid 21 

15.0 

80* 

94* 

Panel 3 r 

0.5* 

Magnetic pow- 
der 21 

white fluid 21 

15.0 

376 

382 

Panel 32' 

1.0 

Magnetic pow- 
der 21 

White fluid 25 

12.0 

220 

227 

Panel 33* 

1.0 

Magnetic pow- 
der 21 

White fluid 26 

12.0 

230 

235 

Panel 34' 

1.0 

Magnetic pow- 
der 21 

White fluid 27 

12.0 

219 

224 
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Table 6 (continued) 


ranei sample 

i niCKness ot 
sealed space 
(mm) 

Filling sample 

Amni irrt of 

magnetic pow- 
der added 
(wt%) 

pffprrti vp mao- 

netic flux den- 
sity of 
magnetic pen 
at panel bot- 
tom (Gauss) 

Effective man- 
netic flux den- 
sity of erasure 

magnet at 
panel surface 

(LaaUSS) 

Panel 35* 

. 1.0 

Magnetic pow- 
der 25 

White fluid 21 

17.5 

219 

230 

Panel 36* 

1.0 

Magnetic pow- 
der 26 

White fluid 21 

17.5 

225 

230 

Panel 37* 

1.0 

Magnetic pow- 
der 21 

White fluid 21 

22.5* 

226 

231 

Panel 38* 

1.0 

Magnetic pow- 
der 21 

White fluid 21 

8.0* 

235 

235 

Asterisks indicate outside preferable range. 


[0153] The obtained magnetic panels 21 to 38 were measured and evaluated as below. The results are shown in 
Table 7. 

[01 54] The measurements were conducted as follows: 


Measurement 

a. Measurement of Magnetization 

[0155] The magnetization of a magnetic powder sample was measured in the same way as Example 1. 

b. Measurement of Effective Magnetic Flux Density 

[0156] The effective magnetic ftux density of a magnet used for a recording magnetic pen in the magnetic display 
panel was measured in the same way as Example 1 . 

c. Measurement of Reflectance (Measurement of Contrast) 

[0157] The reflectance at the screen of a magnetic display panel was measured in the same way as Example 1 . In 
the case of a black display, the smaller the reflectance, the better. For example, not more than 20% is preferable. In the 
case of a white display, the higher the reflectance the better. For example, at least 55% is preferable. To improve the 
contrast at the screen, the reflectance at the black display is preferably not more than 20% and the reflectance at the 
white display is preferably not less than 55%. The results are shown in Table 7. 

d. Resolution of Displayed Object 

[01 58] The resolution of the displayed object at the screen was confirmed visually. Breaks in the lines shown in Fig. 
1 1 A or blurring of the letters shown in Fig. 1 1 B were looked for. In the column on evaluation of the resolution of the dis- 
played object in Table 7, "good" indicates that no line breaks or letter blurring etc. could be observed even with 10 
repeated tests, while "poor" indicates that line breaks or letter blurring were observed at least five times after 10 
repeated tests. 

e. Breaks in Display at Boundary Portions of Individual Cells 

[0159] Breaks in the display at boundary portions of individual cells at the magnetic display panels were checked 
for visually In the column on evaluation of breaks in display at the boundary portions of the individual cells in Table 7, 
"good" indicates that no breaks at the boundary portions of the individual cells could be observed even with 10 repeated 
tests, while "poor" indicates that breaks at the boundary portions of the individual cells shown in Fig. 11C were 
observed at least five times after 10 repeated tests. 
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Table 7 


Panel sample 

Black reflectance of 
panel at display (%) 

Resolution of dis- 
played object 

Break of display at 
boundary portions of 

IMUlVIUUcil tcllb 

White reflectance of 
panel at erasure (%) 

Panel 21 

10.5 

Good 


OO.c - 

Panpl 

17.2 

Good 


^7 1 

Panpl ?^ 

1 u 1 ICI t. O 



UOCXJ 

OO.o 

r ai lei 

10 9 


uooo 

OO.O 

rcll lei t~ O 



ooou 

OD.U 

panel 9fi 
rdilcl (Co 


OOOU 

Good 

DO. 1 

ranei £. f 

1 Q o 

OOOQ 

Good 

o7.2 

Donnl OQ 

1 /.O 

Good 

oOOd 

57. 1 

nanei 

1 *7 a 

Good 

bood 

57.6 

Dnnnl OH* 

ranei ou 

0<£. 1 

Poor 

Poor 

57.8 

ranei oi 

8.3 

Poor 

Poor 

44.1 

ranei o<c 

25.1 

Poor 

Poor 

58.9 

Panel 33* 

24.5 

Poor 

Poor 

58.1 

Panel 34* 

9.2 

Poor 

Poor 

48.8 

Panel 35* 

9.1 

Poor 

Poor 

35.5 

Panel 36* 

26.6 

Poor 

Poor 

59.2 

Panel 37* 

8.7 

Poor 

Poor 

47.8 

Panel 38* 

20.1 

Poor 

Poor 

56.3 

Asterisks indicate outside preferable range. 


[0160] As will be understood from the above Tables 4 to 7, compared with the magnetophoresis type display 
devices using magnetic particles, white fluids, magnetic display panels, recording magnetic members, or erasing mag- 
netic members out of the preferable range of numerical values of the present invention, magnetophoresis type display 
devices using magnetic particles, white fluids, magnetic display panels, recording magnetic members, or erasing mag- 
netic members inside of the preferable range of numerical values of the present invention were able to be confirmed as 
having no breaks in display at the boundary portions of the individual cells and as being improved in contrast of the dis- 
play image and resolution of the display image. 

Example 3 

Preparation of Panel Filling 

[0161] Predetermined amounts of isoparaffin, titanium oxide, zinc oxide, silicon oxide, and alumina were prepared 
as in the compositions shown in the following Table 8 and were mixed by a homogenizer at 4000 rpm for 5 minutes to 
obtain the white fluids 41 to 47. When the total wt% of each of the white fluids 41 to 47 is 100 wt%, the wt% of the iso- 
paraffin in the white fluid is A, and the wt% of the white oxide mixture comprised of titanium oxide, zinc oxide, silicon 
oxide, and alumina is B, the ratio of A/B is as shown in Table 8. Further, the viscosity of each of the white fluids 41 to 
47 at a temperature of 25°C is also shown in Table 8. The viscosity was found using a B-type viscometer (made by 
Tokyo Keiki) and 500 cc of each white fluid. 


22 


EP 0 994 455 A2 


Table 8 


Liquid sample 

Isoparaffin (A) (wt%) 

White oxide mixture (B) (wt%) 

A/B 

Viscosity (cP) 



ZnO 

Ti0 2 . 

Al 2 0 3 

St0 2 



White fluid 41 

70 

2 

1 

1 

2 

11.7 

430 

White fluid 42 

70 

3 

1 

0.5 

2 

10.8 

630 

White fluid 43 

70 

0.5 

3 

0 

1 

15.6 

340 

White fluid 44 

70 

1.5 

1 

0.5 

1 

17.5 

420 

White fluid 45* 

70 

3 

3 

2 

0.5 

8.2* 

245 

White fluid 46* 

70 

1 

1 

0.5 

0.5 

23.3* 

180* 

White fluid 47* 

70 

1 

3 

1 

4 

7.8* 

1320* 

Asterisks indicate outside preferable range. 


[0162] Further, separate from the white fluids 41 to 47, colored magnetic powders 41 to 47 of the compositions and 
magnetization characteristics shown in the following Table 9 were prepared (corresponding to colored magnetic parti- 
cles 14a to 14c in Fig. 4 and Fig. 5). 


Table 9 


Magnetic powder sample 

Magnetization at 500 Oe 
applied magnetic field 
(emu/g) 

Particle size (pm) 

Black magnetic powder 41 

20.6 

150 

Black magnetic powder 42 

24.5 

120 

Black magnetic powder 43 

23.2 

75 

Black magnetic powder 44 

22.1 

180 

Black magnetic powder 45* 

18.4* 

100 

Black magnetic powder 46* 

21.2 

40* 

Black magnetic powder 47* 

25.1 

225* 

Asterisks indicate outside preferable range. 


[0163] In Table 9, the black magnetic powder 41 is comprised of magnetic particles consisting of 70 wt% of a mag- 
netic material consisting primarily of Fe and 30 wt% of a covering synthetic resin comprised of a coloring agent consist- 
ing of carbon and a styrene-acryl resin. The mean particle size and magnetization characteristic are shown in Table 9. 
[0164] The blue magnetic powder 42 is comprised of magnetic particles consisting of 85 wt% of a magnetic mate- 
rial consisting primarily of Fe and 1 5 wt% of a covering synthetic resin comprised of a coloring agent consisting of a Co- 
Mn-based complex oxide and a polyester resin. The mean particle size and magnetization characteristic are shown in 
Table 9. 

[0165] The red magnetic powder 43 is comprised of magnetic particles consisting of 85 wt% of a magnetic material 
consisting primarily of Fe and 1 5 wt% of a covering synthetic resin comprised of a coloring agent consisting of hematite 
and a styrene-acryl resin. The mean particle size and magnetization characteristic are shown in Table 9. 
[0166] The green magnetic powder 44 is comprised of magnetic particles consisting of 80 wt% of a magnetic mate- 
rial consisting primarily of Fe and 20 wt% of a covering synthetic resin comprised of a coloring agent consisting of a Co- 
Mn-based complex oxide and a polyester resin. The mean particle size and magnetization characteristic are shown in 
Table 9. 

[0167] The black magnetic powder 45 is comprised of magnetic particles consisting of 60 wt% of a magnetic mate- 
rial consisting primarily of Fe and 40 wt% of a covering synthetic resin comprised of a coloring agent consisting of car- 
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bon and a polyester resin. The mean particle size and magnetization characteristic are shown in Table 9. 
[0168] The black magnetic powder 46 is comprised of magnetic particles consisting of 75 wt% of a magnetic mate- 
rial consisting primarily of Fe and 25 wt% of a covering synthetic resin comprised of a coloring agent consisting of car- 
bon and a styrene-acryl resin. The mean particle size and magnetization characteristic are shown in Table 9. 
[01 69] The red magnetic powder 47 is comprised of magnetic particles consisting of 65 wt% of a magnetic material 
consisting primarily of magnetite and 35 wt% of a covering synthetic resin comprised of a coloring agent consisting of 
hematite and a polyester resin. The mean particle size and magnetization characteristic are shown in Table 9. Note that 
the mean particle sizes of the colored magnetic powders 41 to 47 were measured by placing the colored magnetic pow- 
ders on various sieves of mesh nos. 83 to 325, shaking them, finding the amounts of the colored magnetic powders 
remaining on the respective sieves, then calculating the mean particle sizes from the weight ratios. 
[0170] Next, the white fluids 41 to 47 prepared in Table 8 were transferred to a plurality of separate containers, 
added with colored magnetic powders 41 to 47 of the compositions and magnetic characteristics shown in the Table 9, 
then mixed using a mixer at 300 rpm for 1 minute to obtain the liquid dispersions serving as the panel fillings. The 
amounts of the colored magnetic powders added in the liquid dispersions were 10 to 20 wt% of the colored magnetic 
powders 41 to 47 with respect to 80 to 90 wt% of the white fluids 41 to 47. The combinations of the white fluids and the 
magnetic powders are shown in the following Table 10. 


Table 10 


Panel sample 

Panel thickness 
(mm) 

Filling sample 

Effective magnetic 
flux density of mag- 
netic pen at panel 
bottom (Gauss) 

Effective magnetic 
flux density of eras- 
ure magnet at panel 
surface (Gauss) 



Fluid 

Magnetic powder 



Panel 41 

1.3 

41 

41 &42 

310 

670 

Panel 42 

1.0 

42 

42 &43 

380 

965 

Panel 43 

0.8 

41 

42, 43 & 44 

480 

1300 

Panel 44 

1.0 

41 

41, 42, 43, 44 

325 

470 

Panel 45 

1.5 

41 

41 &42 

155 

320 

Panel 46 

1.3 

43 

41 &42 

345 

625 

Panel 47 

1.3 

44 

41 &42 

320 

560 

Panel 48* 

1.3 

41 

41 &47 

225 

. 340 

Panel 49* 

0.5* 

42 

41 &42 

540* 

1750* 

Panel 50* 

2.0* 

42 

41 &42 

98* 

250* 

Panel 51* 

1.3 

42 

45 & 42* 

250 

390 

Panel 52* 

1.3 

45* 

46 & 43* 

275 

290* 

Panel 53* 

1.3 

43 

41 &42 

300 

215* 

Panel 54* 

1.3 

46* 

41 & 42 

265 

460 

Panel 55* 

1.3 

47* 

41 &42 

270 

625 

Asterisks indicate outside preferable range. 


Preparation of Magnetic Display Panel 

[0171] Polyvinyl chloride sheets the same as in Example 1 were prepared as the front panel sheet 4 and back panel 
sheet 6 shown in Fig. 4, and special paper honeycomb structures similar to Example 1 were prepared as the honey- 
comb structure 10 shown in Fig. 3. 

[0172] As shown in Fig. 9, the bottom surface of each of the honeycomb structures 10 was adhered to the inner 
surface of a front panel sheet 4 using an epoxy-based adhesive, then the instdes of the cell spaces 15 were filled with 
a filling obtained at the process of preparation of the panel fillings under agitation. When filling the fillings, in panel sam- 
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pies 41 to 55 shown in Table 10, at least two types of colored magnetic powders were sealed in the same panel samples 
so as to enable at least two-color multicolor displays. When filling, masking tape was used to divide a screen into pre- 
determined blocks and each block filled with a white fluid containing a different colored magnetic powder. 
[0173] Next, a back panel sheet 6 comprised of a polyvinyl chloride sheet coated with an epoxy-based adhesive, 
was pressed down and adhered to the inner surface of the outer periphery of the front panel sheet 4 and the other sur- 
face of the honeycomb structure 10 and the outer periphery 40 was heat bonded to completely seal the inside. As a 
result, the magnetic panels 41 to 55 shown in Table 10 (corresponding to the magnetic display panel 120 shown in Fig. 
4) were obtained. 

[0174] The obtained magnetic panels 41 to 45 were measured and evaluated as below. The results are shown in 
Table 11. 

[0175] The measurements were conducted as follows: 
Measurement 

a. Measurement of Magnetization 

[0176] The magnetization of a colored magnetic powder sample was measured using the same device as in Exam- 
ple 1 , setting the colored magnetic powder sample in a holder, and applying a magnetic field of 500 Oe. 

b. Measurement of Effective Magnetic Flux Density 

[0177] The effective magnetic flux density of a magnet used for a recording magnetic pen in the magnetic display 
panel was measured in the same way as Example 1 . 

c. Measurement of Reflectance (Measurement of Contrast) 

[0178] The reflectance at the screen of a magnetic display panel was measured in the same way as Example 1 . In 
the case of a white display, the higher the reflectance the better. To improve the contrast at the screen, the reflectance 
at the white display is preferably not less than 55%. The results are shown in Table 11. 

d. Resolution of Displayed Object 

[0179] The resolution of the displayed object at the screen was confirmed visually in the same way as in Example 
1 . Blurring of the letters shown in Fig. 1 1 B was looked for. In the column on evaluation of the resolution of the displayed 
object in Table 11, "good" indicates that no letter blurring etc. could be observed even with 10 repeated tests, while 
"poor" indicates that letter blurring was observed at least five times after 1 0 repeated tests. 

e. Breaks in Display at Boundary Portions of individual Cells 

[0180] Breaks in the display at boundary portions of individual cells at the magnetic display panels were checked 
for visually in the same way as in Example 2. In the column on evaluation of breaks in display at the boundary portions 
of the individual cells in Table 1 1 , "good" indicates that no breaks at the boundary portions of the individual cells could 
be observed as shown in Fig. 1 1 D even with 10 repeated tests, while "poor" indicates that breaks at the boundary por- 
tions of the individual cells shown in Fig. 1 1 C were observed at least five times after 10 repeated tests. 

f. Clearness of Multiple Colors When Displayed at Panel Screen 

[0181] The clearness of the multiple colors when displayed at the panel screen was confirmed visually. The clear- 
ness of the hues and bleeding of the colors was looked for. 

[0182] In the column on evaluation of the clearness of multiple colors in the following Table 1 1 , "good" indicates that 
the hues were clear and no color bleeding could be observed even after 10 repeated tests, while "poor" indicates that 
unclearness of hues or color bleeding was observed at least five times after 10 repeated tests. 
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Table 1 1 


Panel sample 

Clearness of multiple 
colors of panel display 

Resolution of dis- 
played object 

Break of display at 
boundary portions of 
individual cells 

White reflectance of 
panel at erasure (%) 

Panel 41 

Good 

Good 

Good 

60.3 

Panel 42 

Good 

Good 

Good 

59.5 

Panel 43 

Good 

Good 

Good 

58.1 

Panel 44 

Good 

Good 

Good 

60.1 

Panel 45 

Good 

Good 

Good 

65.2 

Panel 46 

Good 

Good 

Good 

63.2 

Panel 47 

Good 

Good 

Good 

61.4 

Panel 48* 

Poor 

Poor 

Poor 

59.8 

Panel 49* 

Poor 

Poor 

Good 

43.1 

Panel 50* 

Poor 

Poor 

Poor 

68.2 

Panel 51* 

Poor 

Poor 

Poor 

65.6 

Panel 52* 

Poor 

Poor 

Poor 

47.6 

Panel 53* 

Good 

Good 

Good 

53.2 

Panel 54* 

Poor 

Poor 

Poor 

38.3 

Panel 55* 

Poor 

Poor 

Poor 

70.2 

Asterisks indicate outside preferable range. 


[0183] As will be understood from the above Tables 8 to 1 1 , compared with the magnetophoresis type color display 
devices using colored magnetic particles, white fluids, magnetic display panels, recording magnetic members, or eras- 
ing magnetic members out of the preferable range of numerical values of the present invention, magnetophoresis type 
color display devices using colored magnetic particles, white fluids, magnetic display panels, recording magnetic mem- 
bers, or erasing magnetic members inside of the preferable range of numerical values of the present invention were 
able to be confirmed as having no breaks in display at the boundary portions of the individual cells, having no color 
bleeding, being clear in hues, and being improved in resolution of the display image. 

Example 4 

Preparation of Panel Fillings 

[0184] Predetermined amounts of isoparaffin, titanium oxide, zinc oxide, silicon oxide, and alumina were prepared 
as in the compositions shown in Table 8 and were mixed by a homogenizer at 4000 rpm for 5 minutes to obtain the white 
fluids 41 to 47. 

[0185] Further, separate from the white fluids 41 to 47, in the same way as Example 3, colored magnetic powders 
41 to 47 of the compositions and magnetization characteristics shown in Table 9 were prepared (corresponding to 
colored magnetic particles 14a to 14c in Fig. 1 and Fig. 2). 

[0186] Next, the white fluids 41 to 47 prepared in Table 8 were transferred to a plurality of separate containers, 
added with colored magnetic powders 41 to 47 of the compositions and magnetic characteristics shown in Table 9, then 
mixed using a mixer at 300 rpm for 1 minute to obtain the liquid dispersions serving as the panel fillings. The amounts 
of the colored magnetic powders added in the liquid dispersions were 10 to 20 wt% of the colored magnetic powders 
41 to 47 with respect to 80 to 90 wt% of the white fluids 41 to 47. The combinations of the white fluids and the magnetic 
powders are shown in the following Table 12. 
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Table 12 


Panel sample 

Panel thick(mm) 

Filling sample 

Effective magnetic 
flux density of mag- 
netic pen at panel 
bottom (Gauss) 

Effective magnetic flux 

density of erasure 
magnet at panel sur- 
face (Gauss) 



Ph lir! 
i lUICJ 

Magnetic powder 



Panel 61 

1.3 

** 1 

41 fit 4*? 

320 

610 

Panel 62 

1.0 

A **> 

42 & 43 

380 

980 

Panel 63 

0.8 

43 

42, 43 & 44 

500 

1250 

Panel 64 

1.0 

42 

41, 42, 43, 44 

305 

460 

Panel 65 

1.5 

41 

41 

175 

400 

Panel 66 

1.3 

43 

41, 42 & 44 

345 

775 

Panel 67 

1.3 

44 

43 &44 

380 

540 

Panel 68* 

1.3 

41 

44 &47 

210 

340 

Panel 69* 

0.5* 

42 

41 &42 

570* 

1600* 

Panel 70* 

2.0* 

42 

41 & 42 

90* 

300 

Panel 71* 

1.3 

42 

45&41* 

270 

420 

Panel 72* 

1.3 

45* 

46&41* 

225 

290 

Panel 73* 

1.3 

43 

42 &43 

320 

200* 

Panel 74* 

1.3 

46* 

41 & 42 

290 

485 

Panel 75* 

1.3 

47* 

41 & 42 

275 

840 

Panel 76* 

1.3 

41 

41 &42 

320 

610 

Asterisks indicate outside preferable range. 


Preparation of Magnetic Display Panel 

[0187] A transparent PET sheet of a thickness of 0.20 mm was prepared as the front panel sheet 4 shown in Fig. 
4, a transparent PET sheet of a thickness of 0.10 mm was prepared as the back panel sheet 6, and these were used 
as the panel sheets for the panel samples 61 to 75 in Table 12. Note that for only the panel sample 76 shown in Table 
12, a transparent polyvinyl chloride sheet of a thickness of 0.20 mm was prepared as the front panel sheet 4 shown in 
Fig. 1 and a transparent polyvinyl chloride sheet of a thickness of 0.10 mm was prepared as the back panel sheet 6. 
Further, special paper honeycomb structures were prepared as the honeycomb structure 10 shown in Fig. 3 and used 
as the honeycomb structures for the panel samples 61 to 76 in Table 12. 

[0188] Each honeycomb structure 10, as shown in Fig. 6A, was compacted in one direction to form a honeycomb 
preshaping block 10a in the state before attachment. Tensile force F of 94 gf was made to act from the two sides of the 
honeycomb preshaping block 10a to expand the block 10a to open up the cell spaces 15 as shown in Fig. 6B. 
[0189] In the block 10a state, the length L1 in one direction was 4.5 cm, but the length L2 of the structure 10 after 
expansion was 57.6 cm. Further, the open length L3 of the cell spaces 15 in the structure 10 after expansion was 4.2 
mm, while the open length L3 after 30 seconds right after release of the tensile force F was 3.0 mm. In that state a 
solidifying agent was sprayed onto the honeycomb structure 10. The solidifying agent used was a solution of 20 wt% of 
styrene-acryl copolymer in 80 wt% of ethyl acetate. 

[01 90] In the state with the cell spaces 1 5 opened up and the shrinkage of the honeycomb structure 1 0 suppressed, 
the honeycomb structure 10 was cut to a predetermined size. Next, as shown in Fig. 7, the cut honeycomb structure 10 
is placed into and adhered to the depression 4b of the front panel sheet 4 having the depression 4b at its inside. At the 
time of the adhesion, a vinyl acetate-based adhesive was used. 

[0191] In this state, the cross sectional area of the cell spaces 15 in the honeycomb structures 10 was 3.0 mm 2 , 
while the thickness of the partitions partitioning the cell spaces 15 was 0.05 mm. As the honeycomb structures 10, ones 


27 


EP 0 994 455 A2 


having various heights H (see Fig. 3) were prepared. The heights H corresponded to the thickness T of the sealed 
spaces 8 shown in Fig. 5. Ones of various thicknesses (corresponding tothe panel thicknesses in Table 12) were pre- 
pared as shown in the above Table 12. 

[0192] As shown in Fig. 9, one surface of each of the honeycomb structures 10 was adhered to the inner surface 
of a front panel sheet 4, then the insides of the cell spaces 15 were filled with a filling obtained at the process of prep- 
aration of the panel fillings under agitation. When filling the filling, in panel samples 61 to 76 shown in Table 12 (except 
panel sample 65), at least two types of colored magnetic powders were sealed in the same panel samples so as to ena- 
ble at least two-color multicolor displays. When filling, masking tape (Nitto Tape (18 mm)) having an adhesive surface 
was used to divide a screen into predetermined blocks and each block filled with a white fluid containing a different 
colored magnetic powder. Next, a rubber blade was used to manually wipe the surface several times. Note that a white 
fluid containing a single type of magnetic powder 41 was sealed in the panel sample 65. 

[0193] Next, as shown in Fig. 9, a back panel sheet 6 coated with a vinyl acetate-based adhesive was pressed 
down and adhered to the inner surface of the outer periphery of the front panel sheet 4 and the other surface of the hon- 
eycomb structure 10 and the outer periphery 40 was heat bonded using a high frequency type welder at a heating tem- 
perature of 100°C for 5 seconds to completely seal the inside. As a result, the magnetic panels 61 to 76 shown in Table 
12 (corresponding to the magnetic display panel 120 shown in Fig. 4) were obtained. 

[0194] The obtained magnetic panels 61 to 76 were measured and evaluated as below. The results are shown in 
Table 13. 

[0195] The measurements were conducted as follows: 
Measurement 

a. Measurement of Magnetization 

[0196] The magnetization of a colored magnetic powder sample was measured using the same device as in Exam- 
ple 1 , setting the colored magnetic powder sample in a holder, and applying a magnetic field of 500 Oe. 

b. Measurement of Effective Magnetic Flux Density 

[01 97] The effective magnetic flux density of a magnet used for a recording magnetic pen in the magnetic display 
panel was measured in the same way as Example 1 . 

c. Measurement of Reflectance (Measurement of Contrast) 

[0198] The reflectance at the screen of a magnetic display panel was measured in the same way as Example 1 . In 
the case of a white display, the higher the reflectance the better. To improve the contrast at the screen, the reflectance 
at the white display is preferably not less than 55%. The results are shown in Table 13. 

d. Resolution of Displayed Object 

[0199] The resolution of the displayed object at the screen was confirmed visually in the same way as in Example 
1 . Blurring of the letters shown in Fig. 1 1 B was looked for. In the column on evaluation of the resolution of the displayed 
object in Table 13, "good" indicates that no letter blurring etc. could be observed even with 10 repeated tests, while 
"poor" indicates that letter blurring was observed at least five times after 10 repeated tests. 

e. Breaks in Display at Boundary Portions of Individual Cells 

[0200] Breaks in the display at boundary portions of individual cells at the magnetic display panels were checked 
for visually in the same way as in Example 2. In the column on evaluation of breaks in display at the boundary portions 
of the individual cells in Table 13, "good" indicates that no breaks at the boundary portions of the individual cells could 
be observed as shown in Fig. 1 1D even with 10 repeated tests, while "poor" indicates that breaks at the boundary por- 
tions of the individual cells shown in Fig. 1 1C were observed at least five times after 10 repeated tests. 

f. Clearness of Multiple Colors When Displayed at Panel Screen 

[0201] The clearness of the multiple colors when displayed at the panel screen was confirmed visually. The clear- 
ness of the hues and bleeding of the colors was looked for. 

[0202] In the column on evaluation of the clearness of multiple colors in the following Table 13, "good" indicates that 
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the hues were clear and no color bleeding could be observed even after 10 repeated tests, while "poor" indicates that 
unclearness of hues or color bleeding was observed at least five times after 10 repeated tests. 


Table 13 


Panel sample 

Clearness of multiple 
colors of panel display 

Resolution of dis- 
played object 

Break of display at 
boundary portions of 
individual cells 

White reflectance of 
panel at erasure (%) 

Panel 61 

OOOQ 

oood 

Good 

62.5 

Panel 62 

Good 

Good 

Good 

61.1 

Panel 63 

Good 

Good 

Good 

59.8 

Panel 64 

Good 

Good 

Good 

63.2 

Panel 65 

Good 

Good 

Good 

64.1 

Panel 66 

Good 

Good 

Good 

66.2 

Panel 67 

Good 

Good 

Good 

62.7 

Panel 68* 

Poor 

Poor 

Poor 

58.8 

Panel 69* 

Poor 

Poor 

Good 

48.2 

Panel 70* 

Poor 

Poor 

Poor 

70.2 

Panel 71* 

Poor 

Poor 

Poor 

68.9 

Panel 72* 

Poor 

Poor 

Poor 

49.3 

Panel 73* 

Good 

Good 

Good 

52.7 

Panel 74* 

Poor 

Poor 

Poor 

42.5 

Panel 75* 

Poor 

Poor 

Poor 

72.8 

Panel 76* 

Good 

Good 

Good 

58.5 

Asterisks indicate outside preferable range. 


[0203] As will be understood from the above Tables 8, 9, 1 2, and 13, compared with the magnetophoresis type color 
display devices out of the preferable range of numerical values of the present invention, magnetophoresis type color 
display devices inside of the preferable range of numerical values of the present invention were able to be freed from 
breaks in display at the boundary portions of the individual cells, freed from color bleeding, made clear in hues, and 
improved in resolution of the display image. 

[0204] Further, as shown in Table 13, by comparison with panel sample 61 and panel sample 76 exactly the same 
in conditions except for using a PET or using a polyvinyl chloride sheet as the material of the front panel sheet and the 
back panel sheet, it was learned that panel sample 61 using PET was improved in the panel white reflectance. By 
improving the panel white reflectance, an improvement in the contrast at the color display can be expected. 
[0205] Next, to confirm the effect of the wiping, panel sample 77 was prepared in the same way as panel sample 
61 except for no wiping. Panel sample 77 was observed to have differences in filling levels of the individual cells when 
filled with the liquid dispersion. 

[0206] Panel sample 61 and panel sample 77 were tested for clearness of multiple colors, resolution of the dis- 
played object, breaks in display at the boundary portoins of the individual cells, and panel white reflectance at the time 
of erasure of an image. The results are shown in Table 14. 


Table 14 


Panel sample 

clearness of multiple 
colors of panel display 

Resolution of dis- 
played object 

Break of display at 
boundary portions of 
individual cells 

White reflectance of 
panel at erasure (%) 

Panel 61 

Good 

Good 

Good 

62.5 
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Table 14 (continued) 


Panel sample 

clearness of multiple 
colors of panel display 

Resolution of dis- 
played object 

Break of display at 
boundary portions of 
individual cells 

White reflectance of 
panel at erasure (%) 

Panel 77 

Poor 

Poor 

Poor 

60.2 


[0207] As shown in Table 14, compared with panel sample 77, it was confirmed that the panel sample 61 had a 
higher whiteness at the time of erasure, a good display, and a good resolution. 


Claims 

1 . A magnetophoresis type display device comprising: 

a transparent front panel sheet, 

a back panel sheet arranged with respect to the front panel sheet so as to form a sealed space with it, 

a partitioning member provided between the front panel sheet and the back panel sheet for partitioning the 

sealed space into a large number of cells, 

a liquid dispersion containing magnetic particles to be seated inside the cells formed by partitioning by the par- 
titior^irfgThember, 

a^ecordi^g magnetic member provided to be able to move along the outer surface of the front panel sheet and 
having a magnetic force of an extent giving an effective magnetic flux density of 100 to 500 Gauss at the outer 
surface of the back panel sheet in the state when the recording magnetic member is brought into contact with 
the outer surface of the front panel sheet, and 

an erasing magnetic member arranged at the outer surface of the back panel sheet and having a magnetic 
force of an extent giving an effective magnetic flux density of 1 00 to 1 500 Gauss at the outer surface of the front 
panel sheet in the state when the erasing magnetic member is brought into contact with the outer surface of 
the back panel sheet. 

2. A magnetophoresis type display device as set forth in claim 1 , wherein the liquid dispersion contai msaao^Qi9PrWj% 
of a single-color fluid and .1 0> tOv20*wt?%>M^ 

3. A magnetophoresis type display device as set forth in claim 1 , wherein the magnetic particles have a magnetization 
of at least 20.0 emu/g when a magnetic field of 500 Oe is applied to the magnetic particles. 

4. A magnetophoresis type display device comprising: 

a transparent front panel sheet, 

a back panel sheet arranged with respect to the front panel sheet so as to form a sealed space with it, 

a partitioning member provided between the front panel sheet and the back panel sheet for partitioning the 

sealed space into a large number of cells, and 

a liquid dispersion containing magnetic particles to be sealed inside the cells formed by partitioning by the par- 
titioning member, 

the magnetic particles having a magnetization of at least 20.0 emu/g when a magnetic field of 500 Oe is 
applied to the magnetic particles, and 

the liquid dispersion containing 80 to 90 wt% of a single-color fluid and 10 to 20 wt% of magnetic particles. 

5. A device as set forth in claim 1,2,3, or 4, 

wherein the magnetic particles have a magnetization of at least 8.0 emu/g when a magnetic field of 200 Oe 
is applied to the magnetic particles. 

6. A device as set forth in any one of claims 1 to 5, 

wherein the viscosity of the single-color fluid is 200 to 800 cp at 25°C. 

7. A magnetophoresis type display device as set forth in any one of claims 1 to 6, wherein the single-color fluid is a 
white fluid. 

8. A magnetophoresis type display device as set forth in claim 7, wherein the white fluid includes at least titanium 
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oxide and silicon oxide in which when the total weight of the white fluid is 100 wt%, the wt% of the titanium oxide in 
the white fluid is C, and the wt% of the silicon oxide is D, the weight ratio C/D is in the relationship of 1<C/D^2.5. 

9. A magnetophoresis type display device as set forth in claim 8, wherein the white fluid includes at least titanium 
oxide and silicon oxide in which when the total weight of the white fluid is 100 wt%, the wt% of the titanium oxide in 
the white fluid is C, and the wr% of the silicon oxide is D, the weight C+D is in the relationship of 
3.0 wt%<C+D<6.0 wt%. 

1 0. A device as set forth in any one of claims 4 to 9, 

wherein the thickness of the sealed space is 0.8 to 1 .5 mm. 

11 . A device as set forth in any one of claims 4 to 1 0, 

wherein the magnetic particles contain 60 to 90 wt% of a magnetic material and 10 to 40 wt% of a synthetic 
resin and/or coloring agent, and the magnetic particles have a mean particle size of 50 to 200 ^m. 

12. A device as set forth in any one to claims 1 to 1 1 , 

wherein the front panel sheet is comprised of polyethylene terephthalate. 

1 3. A device as set forth in any one of claims 4 to 1 2, 

wherein the partitioning member is comprised of paper coated with a resin. 

14. A magnetophoresis type display device comprising: 

a transparent front panel sheet, 

a back panel sheet arranged with respect to the front panel sheet so as to form a sealed space with it, 

a partitioning member provided between the front pane! sheet and the back panel sheet for partitioning the 

sealed space of a thickness of 0.8 to 1.5 mm into a large number of celts, and 

a liquid dispersion containing magnetic particles to be sealed inside the cells formed by partitioning by the par- 
titioning member, 

the magnetic particles containing 60 to 90 wt% of a magnetic material and 10 to 40 wt% of a synthetic resin 
and/or coloring agent, the mean particle size of the magnetic particles being 50 to 200 \xtt\, the magnetization 
of the magnetic particles when a 200 Oe magnetic field is applied to the magnetic particles being at least 8.0 
emu/g, and the magnetization of the magnetic particles when a 500 Oe magnetic field is applied to the mag- 
netic particles being at least 20.0 emu/g. 

the liquid dispersion containing 80 to 90 wt% of a single-color fluid and 10 to 20 wt% of magnetic particles. 

15. A magnetophoresis type display device as set forth in claim 14, wherein the single-color fluid is a white fluid. 

16. A magnetophoresis type display device as set forth in claim 15, wherein the white fluid includes at least titanium 
oxide and silicon oxide in which when the total weight of the white fluid is 100 wt%, the wt% of the titanium oxide in 
the white fluid is C, and the wt% of the silicon oxide is D, the weight ratio C/D is in the relationship of 1^C/D£2.5 
and the weight C+D is in the relationship of 3.0 wt%<C+D<6.0 wt% . 

17. A magnetophoresis type display device as set forth in any one of claims 4 to 16, further comprising a recording 
magnetic member able to move along the outer surface of the front panel sheet, 

the recording magnetic member having a magnetic force of an extent giving an effective magnetic flux density 
of 100 to 300 Gauss at the outer surface of the back panel sheet in the state when the recording magnetic 
member is brought into contact with the outer surface of the front panel sheet. 

1 8. A magnetophoresis type display device as set forth in any one of claims 4 to 1 7, further comprising an erasing mag- 
netic member arranged at the outer surface of the back panel sheet. 

the erasing magnetic member having a magnetic force of an extent giving an effective magnetic flux density of 
100 to 300 Gauss at the outer surface of the front panel sheet in the state when the erasing magnetic member 
is brought into contact with the outer surface of the back panel sheet. 

19. A magnetophoresis type color display device comprising: 
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a transparent front panel sheet, 

a back panel sheet arranged with respect to the front panel sheet so as to form a sealed space with it, 

a partitioning member provided between the front panel sheet and the back panel sheet for partitioning the 

sealed space of a thickness of 0.8 to 1 .5 mm into a large number of cells, 

a first liquid dispersion containing first colored magnetic particles to be sealed inside selected specific cells 
formed by partitioning by the partitioning member, and 

a second liquid dispersion containing second colored magnetic particles to be sealed inside selected specific 
cells in the cells in which the first liquid dispersion is not sealed and colored different from the first colored mag- 
netic particles, 

the mean particle sizes of the first colored magnetic particles and the second colored magnetic particles being 
50 to 200 ixm and the magnetization of the magnetic particles when a 500 Oe magnetic field is applied to the 
magnetic particles being at least 20.0 emu/g. 

20. A magnetophoresis type display device as set forth in claim 19,wherein the first liquid dispersion is a liquid com- 
prised of a single-color fluid in which the first colored magnetic particles are dispersed, while the second liquid dis- 
persion is a single-color fluid in which the second colored magnetic particles are dispersed. 

21 . A magnetophoresis type display device as set forth in claim 20, wherein the viscosity of the single-color fluid is 200 
to 800 cp at 25°C. 

22. A magnetophoresis type display device as set forth in claim 20 or 21, wherein the single-color fluid is a white fluid. 

23. A device as set forth in any one of claims 1 9 to 22, 

further comprising a recording magnetic member able to move along the outer surface of the front panel sheet, 
the recording magnetic member having a magnetic force of an extent giving an effective magnetic flux density 
of 1 00 to 500 Gauss at the outer surface of the back panel sheet in the state when the recording magnetic 
member is brought into contact with the outer surface of the front panel sheet. 

24. A device as set forth in any one of claims 1 9 to 23, 

further comprising an erasing magnetic member arranged at an outer surface of the back panel sheet, 
the erasing magnetic member having a magnetic force of an extent giving an effective magnetic flux density of 
300 to 1 500 Gauss at the outer surface of the front panel sheet in the state when the erasing magnetic member 
is brought into contact with the outer surface of the back panel sheet. 

25. A magnetophoresis type display device comprising 

a transparent front panel sheet comprised of polyethylene terephthalate, 

a back panel sheet arranged with respect to the front panel sheet so as to form a sealed space with it, 

a partitioning member provided between the front panel sheet and the back panel sheet for partitioning the 

sealed space of a thickness of 0.8 to 1 .5 mm into a targe number of cells, and 

a liquid dispersion containing magnetic particles to be sealed inside the individual cells formed by partitioning 
by the partitioning member. 

26. A magnetophoresis type display device as set forth in claim 25, wherein the magnetic particles have a mean parti- 
cle size of 50 to 200 *im and further have a magnetization of 20.0 emu/g when a 500 Oe magnetic field is applied 
to the magnetic particles. 

27. A magnetophoresis type display device as set forth in claim 25 or 26, wherein the liquid dispersion is a liquid com- 
prised of a single-color fluid in which colored magnetic particles are dispersed and the viscosity of the single-color 
fluid is 200 to 800 cp at 25°C. 

28. A magnetophoresis type display device as set forth in claim 27, wherein the single-color fluid is a white fluid. 

29. A device as set forth in any one of claims 7 to 28, 

wherein the white fluid includes at least isoparaffin and a mixture of a plurality of white inorganic oxides in 
which when the total weight of the white fluid is 100 wt%, the wt% of the isoparaffin in the white fluid is A and the 
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wt% of the mixture of the white inorganic oxides is B, the weight ratio A/B is in the relationship of 10£A/B:£20. 

30. A device as set forth in any one of claims 4 to 29, 

wherein the single-color fluid includes at least a dispersion medium and a single-color pigment in which 
when the total weight of the single-color fluid is 1 00 wt%, the wt% of the dispersion medium in the single-color fluid 
is A', and the wt% of the single-color pigment is B\ the weight ratio A'/B' is in the relationship of 10^AVB'^20. 

31. A device as set forth in any one of claims 25 to 30, 

wherein said liquid dispersion comprises at least: 

a first liquid dispersion containing first colored magnetic particles to be sealed inside selected specific cells 
formed by partitioning by the partitioning member, and 

a second liquid dispersion containing second colored magnetic particles to be sealed inside selected specific 
cells in the cells in which the first liquid dispersion is not sealed and colored different from the first colored mag- 
netic particles. 

32. A device as set forth in any one of claims 25 to 31 . 

wherein the partitioning member is comprised of paper coated with a resin. 

33. A device as set forth in any one of claims 25 to 32, 

further comprising a recording magnetic member able to move along the outer surface of the front panel sheet, 
the recording magnetic member having a magnetic force of an extent giving an effective magnetic flux density 
of 1 00 to 500 Gauss at the outer surface of the back panel sheet in the state when the recording magnetic 
member is brought into contact with the outer surface of the front panel sheet. 

34. A device as set forth in any one of claims 25 to 33, 

further comprising an erasing magnetic member arranged at the outer surface of the back panel sheet, 
the erasing magnetic member having a magnetic force of an extent giving an effective magnetic flux density of 
1 00 to 1500 Gauss at the outer surface of the front panel sheet in the state when the erasing magnetic member 
is brought into contact with the outer surface of the back panel sheet. 

35. A magnetophoresis type display device as set forth in claim 18. 24 or 34, wherein the erasing magnetic member is 
arranged to be able to move along the outer surface of the back panel sheet. 

36. A process of production of a magnetophoresis type display device comprising the steps of: 

attaching to a depression of a transparent front panel sheet formed with a depression at its inner surface and 
comprised of polyethylene terephthaiate a partitioning member formed with a large number of cell spaces, 
filling the insides of the cell spaces of the partitioning member with a liquid dispersion containing magnetic par- 
ticles, and 

bonding an inner surface of an outer periphery of a back panel sheet and an inner surface of an outer periphery 
of the front panel sheet together so as to seal the liquid dispersion filled at the insides of the cell spaces. 

37. A process of production of a magnetophoresis type display device as set forth in claim 36, in which 

the partitioning member is comprised of a honeycomb structure and is supplied with the honeycomb structure 
in a compact state and 
further comprising the steps of: 

opening up the compact honeycomb structure so as to open up the cell spaces, 

coating a solidifying agent on the honeycomb structure in the state with the cell spaces opened up, and 

attaching the honeycomb structure coated with the solidifying agent to the depression of the front panel 

sheet. 

38. A process of production of a magnetophoresis type display device comprising the steps of: 
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attaching to a depression of a transparent front panel sheet formed with a depression at its inner surface a par- 
titioning member formed with a large number of eel! spaces, 

filling the insides of the cell spaces of the partitioning member with a liquid dispersion containing magnetic par- 
ticles, 

5 squeeging the liquid dispersion protruding from cell spaces of the partitioning member, and 

bonding an inner surface of an outer periphery of a back panel sheet and an inner surface of an outer periphery 
of the front panel sheet together so as to seal the liquid dispersion filled at the insides of the cell spaces. 

39. A process of production of a magnetophoresis type display device as set forth in claim 38, further comprising the 
io steps of: 

preparing as the liquid dispersion at least a first liquid dispersion containing first colored magnetic particles and 
a second liquid dispersion containing second colored magnetic particles colored different from the first colored 
magnetic particles, 

15 masking by a first masking member the cells other than selected specific cells in the cells formed by partition- 

ing by the partitioning member and filling only the insides of the selected specific cells with the first liquid dis- 
persion, 

squeegeeing the first liquid dispersion from the top of the first masking member, 

removing the first masking member, masking by a second masking member cells other than selected specific 
20 cells in the cells not filled with the first liquid dispersion and filling only the insides of the selected specific cells 

not masked by the second masking member with the second liquid dispersion, and 
squeegeeing the second liquid dispersion from the top of the second masking member. 

40. A process of production of a magnetophoresis type display device as set forth in claim 38 or 39, in which 

25 

the partitioning member is comprised of a honeycomb structure and is supplied with the honeycomb structure 
in a compact state and 
further comprising the steps of: 

30 opening up the compact honeycomb structure so as to open up the cell spaces, 

coating a solidifying agent on the honeycomb structure in the state with the cell spaces opened up, and 
attaching the honeycomb structure coated with the solidifying agent to the depression of the front panel 
sheet. 

35 41. A process of production of a magnetophoresis type display device as set forth in claim 38, 39 or 40, further com- 
prising making the front panel sheet by polyethylene terephthalate. 

42. A process as set forth in any one of claims 38 to 41 , further comprising setting the thickness of the cell spaces to 
0.8 to 1.5 mm. 

40 

43. A process as set forth in any one of claims 38 to 42, further comprising using as the magnetic particles magnetic 
particles having a mean particle size of 50 to 200 jim and further having a magnetization of 20.0 emu/g when a 
magnetic field of 500 Oe is applied to the magnetic particles. 

45 44. A process as set forth in any one of claims 38 to 43, further comprising using as the liquid dispersion a liquid com- 
prised of a single-color fluid in which colored magnetic particles are dispersed and the viscosity of the single-color 
fluid is 200 to 800 cp at 25°C. 

A process of production of a magnetophoresis type display device as set forth in claim 44, further comprising using 
as the single-color fluid a white fluid. 

A process of production of a magnetophoresis type display device as set forth in claim 45, wherein the white fluid 
includes at least isoparaffin and a mixture of a plurality of white inorganic oxides in which when the total weight of 
the white fluid is 100 wt%, the wt% of the isoparaffin in the white fluid is A and the wt% of the mixture of the white 
inorganic oxides is B, the weight ratio A/B is in the relationship of 10<A/B^20. 

A process of production of a magnetophoresis type display device as set forth in claim 45 or 46. wherein the single- 
color fluid includes at least a dispersion medium and a single-color pigment in which when the total weight of the 
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single-color fluid is 100 wt%, the wt% of the dispersion medium in the single-color fluid is A', and the wt% of the 
single-color pigment is B\ the weight ratio A7B' is in the relationship of 10^A7B'£20. 

48. A process as set forth in any one of claims 38 to 47, further comprising: 

5 

arranging a recording magnetic member able to move along the outer surface of the front panel sheet and 
using as the recording magnetic member a magnetic member having a magnetic force of an extent giving an 
effective magnetic flux density of 100 to 500 Gauss at the outer surface of the back panel sheet in the state 
when the recording magnetic member is brought into contact with the outer surface of the front panel sheet. 

10 

49. A process as set forth in any one of claims 38 to 48, further comprising: 

arranging an erasing magnetic member at the outer surface of the back panel sheet and 
using as the erasing magnetic member an magnetic member having a magnetic force of an extent giving an 
15 effective magnetic flux density of 100 to 1500 Gauss at the outer surface of the front panel sheet in the state 

when the erasing magnetic member is brought into contact with the outer surface of the back panel sheet. 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 7 
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FIG. 11A 
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